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FORnWORD 


Tills  symposium  was  presented  <luring  the  twenty-second  annual  winter 
meetings  of  the  Western  Society  of  Naturalists.  Iield  on  ilio  campus  of  the 
L  niversity  of  Portland,  Portland.  Oregon,  December  29  and  30,  1952.  The 
p;.pers  are  based  on  work  done  at  the  Arctic  Research  Laboratory,  Point 
I<arrow,  Alaska,  under  contracts  between  the  respective  investigators'  borne 
imstitutions  and  the  OlTice  of  Naval  Kescarcb.  The  reseaicb  contracts  ]iro- 
\  ided  financial  supjiort  covering  travel  to  and  from  Point  Ikarrow  ;  salary  for 
assistants  and.  under  certain  conditions,  for  the  jirincijial  iin  estigators  :  [tur- 
ebase  of  necessar}-  equipment  and  supplies:  laboratory  and  field  facilities  at 
the  Arctic  Research  laboratory  and  on  the  arctic  slojie  of  Ala.ska  ;  and  logistic 
.''upiiort  during  their  stay  in  nortbern  Alaska. 

b'inancial  sujiport  for  the  publication  of  the  synqiosiuni  in  the  Stanford 
P'niver.sity  Scries  came  from  three  sources.  Stanford  L’niversity,  through 
its  Publications  Committee,  contributed  $500  toward  the  costs  of  publication. 
The  Office  of  Naval  Reset  11  LU  m  ivICi  i  $500  and  the  remaining  $100  of  the 
actual  cost  of  publication  was  contrilnited  by  an  tnioiiyinous  donor  who  is 
interested  in  the  research  work  being  done  in  the  Alaskan  arctic.  The  home 
institutions  of  the  respective  investigators  absorbed  tiie  costs  of  typing  the 
manuscripts  in  these  ca.scs  in  which  tlie  funds  in  the  contracts  were  insufli- 
cient.  at  the  end  of  the  setison,  locuver  tliis  service. 

Pe.sides  the  papers  in  this  vi.himc.  Dr.  I'raiik  A.  Pitelka  presented  a 
paper  eniilled  “Lemmings  an<l  'I'beir  I'red.itnrs  at  l*oint  P.tirrow,  .Mask.i, 
in  l'i51  P'52.'’  .9ince  it  was  in  the  nature  of  a  progre.^>  report  mi  an  uii- 
tini.^b(•(l  research  pr oyraiii.  publication  is  deterred  until  completion  of  the 
.■'tudy 

'1  be  cbairnian  of  the  syinposiuni  wishes  io  thank  each  of  the  contributing 
iiisiitntions,  agencies,  and  individuals  tor  tlu'  supjioit  that  made  i>os>il)!e 
the  jiublicatioii,  under  one  cover,  of  jtajieis  resulting  from  certain  segmenis 
of  the  work  done  at  the  .X'ctic  Research  1  .;iboi .itory  during  the  jteriod  of 
his  incninbeiicv  as  its  Scieiititic  Director. 

Ika  L.  Wic.cn .vs 

I’ol.VT  hAKKOW.  Ai.ASKA 

M.irdi  15,  1953 
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Till-:  C')RGA\lZATIOX  AND  rACII.rriMS  OF  THE 
ARCTIC  RESF.ARCll  LAF.ORATORY* 

Ira  L.  W  iggins 

Tlic  Juhns  llojikins  I'liivi-rsity  and  Sianford  University 

Althmii^h  hiol' igir.'il  research  on  prolilcnis  involving  the  Alaskan  arctic 
is  going  1)11  at  other  centers  also,  it  is  only  with  that  conducted  at  tlic  Arctic 
Research  l.ahoratoiv.  I’oint  Harrow,  Alaska,  that  the  present  syniposinni 
deals. 

The  Arctic  Research  I  .ahi  iratory  is  located  ahmit  120  yarrls  ironi  the 
.Arctic  Ocean,  at  71'  20'  X..  150^  40'  W’..  in  the  L'..S.  Xaval  Petrolenni 
Reserve  X’o.  4.  Only  research  workers  cleared  by  the  C.S.  Xavy's  Security 
(Oftice  and  certified  to  the  officer  in  charge  of  construction  in  I'airhanks.  arc 
l)erniitn.d  to  enter  the  reserve.  They  arc  given  clearance  only  ii  they  ( i: )  rep- 
leseut  an  agency  holding  a  contract  with  the  ( )tiice  of  Xaval  Re-earch.  or 
( /’ 1  are  memhers  of  a  governmental  agi  iicy  doing  re.search  under  a  co-oper¬ 
ative  agreement  with  the  Xavv.  or  (<  )  secure  lii.ancial  su|'port  el.'euhere 
.'•nllicient  to  defray  their  expenses  to  h'airhanks  and  return  and  to  cover 
the  cost  of  siiccial  ecinipment  and  supplies  needed  in  th.eir  inve.^tigalion'. 
\\‘(  rkers  in  each  of  these  categories  receive  logistic  support  from  the  Oftice 
cf  Xaval  Research  throughout  their  stay  at  the  .Arctic  Research  Laboratory. 
Normal  logistic  siqiiiort  consists  of  air  transportation  from  I'airhanks  to 
I’oint  Harrow  and  return,  lodging,  meals,  laundry  and  dry  cleaning  services, 
medical  consultation  if  needed,  cold-weather  clothing,  laboratory  space  and 
oinipment  (with  some  restrictions  as  to  amount  and  scope  of  this  tvpe  of 
snpiiort).  as  much  surface  transportation  as  eiiuipment  aiul  conditions  ])er- 
init,  and  use  of  certain  special  gear  if  it  can  he  supplied  by  the  .Arctic  Rese.irch 
Laboratory.  .Some  hn.sh  flying  may  he  furnished  in  special  ciises. 

The  -Arctic  Research  Laboratory  is  under  the  sponsorship  of.  and  snp- 
j  orted  fmaucially  by,  the  (  h'fice  of  Xav.d  Research.  It  is  operated  tiv  Tile 
John.'  Hopkins  Luiversity  under  contract  Xonr-24S  (2.s)  between  that  in¬ 
stitution  and  the  (  tfiicc  oi  .Xaval  Research  .All  permanent  oper.atiomd  staiT 
members  are  emplovecs  of  The  |ohiis  Hopkins  I'niversity. 

'Hie  camp  at  I’oint  Harrow,  where  the  lahoraiory  is  loc.ated.  is  operated 
h\-,  and  chiefly  for,  the  .Arctic  Comractois.  a  civilian  orgaiii/atiou  exploring 
for  oil  ill  the  .Alaskan  arctic  under  Contract  .XO\-7LLkI  with  the  L'nited 

'  C  oiiiriliuii'iii  N)i.  Ih.s.i  4  iron)  itu-  .\i\tie  l\e'iMi eli  I ..tlior.itiii y,  liiier.iU'il  inr  llio 
OiViCc  of  Xuval  Research  liy  Tlic  Jul;n>  lii«iikiiis  Lhiiversity  iiiKier  C  uiitrael  .\'i)iir-J4,N- 

(2.S). 

.) 
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States  Navy.  Other  agencies  stationed  at  Point  Barrow  operate  through 
co-operative  arrangements  with  the  Arctic  Contractors,  and  then  only  to  tlie 
extent  that  their  activities  do  not  interfere  with  the  prime  objective — 
that  of  exploring  and  drilling  for  oil.  Services  and  supplies  secured  from 
the  Arctic  Contractors  are  paid  for  at  cost,  plus  a  set  overhead  rate  estab¬ 
lished  under  the  term'-,  of  Contract  NOy-71333.  Co-operation  from  the  Arc¬ 
tic  Contractors  has  been  excellent  throughout  the  existence  of  the  Arctic  Re¬ 
search  Laboratory  and  the  laboratory  could  not  otherwise  operate  cfTectively 
at  the  present  annual  cost. 

The  physical  plant  of  the  laboratory  at  Point  Barrow  consists  of  3  quon- 
set  lints  integrated  in  the  form  of  tlie  letter  H  and  bouses  17  laboratories, 
3  iibotograpbic  darkrooms,  stock  rooms,  library  and  assembly  hall,  staff  of¬ 
fices,  shop,  garage  for  four  vehicles,  and  a  dormitory  for  32  men.  Lack,  lab¬ 
oratory  is  supjilied  with  electricity,  hot  and  cold  water,  compressed  air,  and 
gas.  .A  smaller  iiuousct  provides  an  "animal  bouse”  ;  •.vanigaus  give  addi¬ 
tional  storage  space  ;  a  36-foot  motor  launch  equipped  with  a  light  dredge 
and  a  fatb.ometcr  provides  facilities  for  limited  oceanographic  and  other 
marine  work.  .Several  skiffs  and  outboard  motors  supplement  the  laiuirh  and 
are  of  use  on  near-by  lakes  and  lagoons.  Track-laying  light  vehicles  (wea¬ 
sels)  are  rented  from  the  .Arctic  Contractors  and  arc  available  for  teams 
needing  to  get  out  oii  the  tundra  to  carry  on  their  studies.  Camping  equip¬ 
ment  is  available  for  those  who  operate  far  afield.  Stocks  of  common  ciiemi- 
cals  and  reagents  arc  kept  on  hand,  but  special  needs  require  correspondence 
with  the  Scientific  Director  prior  to  -irrival  in  camj) — or  the  purcba.se  of  the 
items  on  the  individual  contract  of  the  niv<>stigator.  Instruments,  glassware, 
and  eriuipment  commonly  used  in  biological  and  physiological  laboratories 
are  available  in  the  stock  room,  and  some  other  sjx'cializcd  pieces  of  ap¬ 
paratus  are  kept  on  hand. 

Six  ai)artinents,  2  in  each  of  3  ipionset  luits,  arc  provided  for  married 
couples  employed  as  staff  personnel  or  engaged  in  research  at  the  laboratory. 
A  field  laboratory  at  Lmiat.  about  175  miles  from  Point  Ifarrow,  jirovides 
living  quarters  for  <S  men  and  a  working  laboratory  approximately  20  feel 
s(|uare.  No  stock  room  is  maintained  at  this  satellite  station,  so  all  equip¬ 
ment  and  supplies  needed  to  carry  on  field  operations  must  be  obtained 
through  the  main  establisbnicm  at  Point  Barrow. 

'file  area  around  Point  Harrow,  and  extending  inland  about  100  miles, 
is  a  flat,  water-soaked  jilain  on  which  tfumsands  of  ponds,  lakes,  lagoons,  and 
widely  meandering  streams  jirescnt  a  landscape  of  monotom  iisly  low  lelief 
--about  onc-half  of  the  surface  being  covered  with  water  during  the  summer 
season.  In  the  winter  everything  is  frozen  until  tb.e  breakup  of  the  ice  on 
the  rivers  and  jxinds  begins  in  |nii<-.  Breakup  of  .sea  ice  is  2  to  4  weeks  later 
titan  diat  on  the  frcsb-water  i«)nd.s  and  streams.  Pur  a  period  of  from  2  to  () 
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week.-'  iliiriiig  the  breakup  and  lor  a  similar  jicriod  during  the  fall  freeze-uj). 
surface  travi'l  is  virtually  at  a  >tandstill. 

During  the  suiunu  r  the  >oil  thaws  to  a  tlcjith  of  1  to  .1.  or  sometimes  4 
feet.  Below  these  levtds.  e.xeept  beneath  deep  streams  aiivl  lakes,  the  sub¬ 
strata  are  jiereimially  below  freezing  temperatures,  rims,  all  biological 
activity  on  and  in  the  soil  i<  eontined  to  (he  thin  blanket  of  ilu'  “active  layer." 
that  portion  of  the  soil  that  thaws  in  summer.  \\  inter  tcinpeiatures  drop  to, 
or  a  little  below,  5t)  b’ahrenheit  below  zero.  Air  temperatures  in  the  sum¬ 
mer  rarely  go  above  .^.s-  b'ahrenheit  above  zero. 

'I’he  tnndr.'i  is  carpeted  with  a  dense  growth  of  low  perennial  \  egetatii:in. 
eompo^ed  mostly  rtf  prostrate  shrnhs.  herbs,  grasses.  >edges.  mosses,  atul 
lichens,  i'iie  ponds,  lakes,  and  wet  surface  of  the  soil  support  a  large  number 
of  algae.  Thou.sands  of  biixls  ne.-'t  ou  the  tuiuha.  myria<!'  of  iu'^ect.'  and  mite? 
inliabii  the  peaty  "active  Layer. *’  ai:d  populations  of  such  maminal.s  ti.-,  lem- 
niitigs.  fo.xes.  weasels,  and  shrew  >  occur  in  varying  in!mber>  ne.ir  I’oint  Ikar- 
ro\v.  h'artlier  inland.  ])ai  ticularl\'  in  the  rolling  lt>othill>  of  the  Brooks  Range, 
such  tiddition.al  mammals  as  the  barren-ground  griz/lio.  caril.ou.  arctic 
scpiirrids.  v(des,  wolves,  manueits.  and  woBerines  occur. 

Dredging  dotie  in  the  .Arctic  C 'cean  by  1 ‘rofe.^.Nor  (jct.rge  Ic.  Mactiiiiitie 
has  .•'hown  the  inverte!:rate  life  on  its  llour  to  be  rich  in  number  ('f  species 
and  individual.  Crustaceans,  molhtsk^.  s))ongcs.  worms,  echiuiKlerms.  tuni- 
eates,  bryozoans.  and  toramiitiiera.  among  others,  arc  very  nnmcrruis. 

If  there  were  siilticieiit  time,  it  would  be  desirable  to  sketch  the  work  done 
in  each  of  the  liekB  not  represeiite<l  by  li.e  .speakers  wh.o  are  to  iollow  dur¬ 
ing  this  s\  inp-osiiiin.  In  the  brief  space  remaining  to  me.  I'.crbaps  a  few  of 
them  can  l>c  inemioncd  and  further  di.''CU»ion  cairicd  on  informallv  later. 

During  the  carl\-  days  of  the  lal»oraiury  a  mimbcr  of  pby>ioL  gical  jiiojects 
were  initiated  ;  a  survey  of  tiie  blood  types  among  the  E.skimos  was  made; 
work  was  done  on  the  ej iidemi< ‘iogv  among  tlie  iiativi*  poi)ulatious  ;  and  on 
t!ie  incidciiee  (<r.  and  cliangc>  in.  the  snscc j-tibility  to  dental  c.ii  ie.>  among  the 
llskniujs.  A  sbiii  to  a  m.-.-rc  general  lyiu-  of  program  billowed  shortly,  witli 
inve.stigation.s  of  migiation  amuiig  arctic  birds,  the  >  om))osition  ol  ibe  li>ii. 
insect,  and  recent  forainliiiferal  tann.a  undertaken.  MacCjinitic  studieal  the 
marine  invertebrates  aial  collected  prodigious  numbers  of  specimens.  ,'^nrvi'\  s 
of  the  ji.ilcobotany.  the  inrnnm.ilian  fauna,  and  of  scecral  dllVcrcnt  group-  of 
living  plants  wcia-  initiated.  Life  history  stmlies  of  certain  organisms  and 
ecological  investigation>  were  imdcrtaken.  Work  in  anthropology,  crv.stal- 
lograpliv  of  recent  and  older  ice.  magnetic  storms,  the  aurora,  and  a  mimbcr 
of  projects  of  particular  intcri'sl  to  military  agciicii-s  has  been  pro.scciited 
diligently, 

1  should  lik<-  to  di.-eiiss  the  d'-t.-iiis  involve  ’  in  a  number  of  the  projects 
just  mentioned,  but  with  this  brief  and  wocmlly  iiicoiiiplctc  sketch  of  iho 
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general  coii<litioiis  and  activities  at  and  in  the  vicinity  of  Point  Barrow  as  a 
background  for  the  speakers  about  to  address  you.  I  wish  only  to  make  one 
more  point  before  yielding  the  floor  to  them.  It  is  with  considerable  pleasure 
and  great  satisfaction  that  I  express  my  thorough  apimeciation  of  the  excel¬ 
lent  spirit  of  co-operation  that  has  existed  at  Point  Barrow  among  the  in¬ 
vestigators.  between  the  Arctic  Research  L.aboratory  and  the  Arctic  Gni- 
tractors.  the  Xavy.  and  other  agencies  at  the  I'arrow  camp,  and  which,  since 
the  ^..(1  of  the  suiniuer  season  of  l‘>52,  has  culminated  in  tb.e  jjreparation  of 
this  symiiosium.  May  I  say  "'rbank  yon!"  to  eacli  contributor. 


SOME  ASTECTS  Ol-  THE  LIMNOLOGY  OF  AX  ARCTIC  I.AKT? 

G.  \\’.  C'lMlTA  AM*  \\'.  T,  Ildmon  USON 
l'iuvr!  >:ty  ol  \\  .•|>l!in^;liiil 

Tl'.c  purpuM;  of  tlii>  .-'tiulv  i>  tn  (.••mrilniti-  li>  our  \iiy  liiiii{i<l  kimu!- 
ol  the  lininolt)<^Y  ol  die  >liaU>)\v  aiitic  lakes  of  northern  Alaska.  It  has 
heeii  eonl'ined  to  S  lakes  and  iii.ai\-  siiiallrr  inar.->lies  and  pDols  k)cali'd  in  a 
100-niile  radios  iroin  I’oiiit  Harrow  in  ;!ie  region  extending  stjiilluvaril 
toward  the  loothills  of  the  Piinoks  Range,  a  rcgi(jii  with  a  large  number  of 
hoilies  of  water  langiiig  from  small  pools  formed  hy  melting  of  iee  wedges 
to  large,  e.xtensive  lakes.  lunneroiis  are  these  waters  that  it  is  esliinaiisl 
that  loeally  the  lakes  or  thained  lake  basins  coinprisi-  fr(jin  ahi)i:t  25  percent 
to  as  much  as  dO  percent  of  the  >urface  of  the  kind,  although  in  most  places 
the  lakes  prohahly  compri>e  between  50  and  75  percent  of  die  .■•uriacc  (  IHack 
and  Hark.sdale.  I'dl'h.  Since  inaiiv  are  eli-ngaled  in  a  northwe<t-southea<t 
direction,  the  name  “(Oriented  Lake.-^  of  Xorihern  .Ma.'ka”  has  been  applied 
to  them.  The  aiea  oi  oriented  lake.-,  i.-  more  than  25.(K.)0  siiuare  miles,  hut 
in  siiite  of  this  areal  extent  the  lake-  of  .any  magnitude  are  remarkah'y  simi¬ 
lar  in  shape  and  depih.  and  j)erhap>  in  main  other  re-pei  t.-.  This  paper  coii- 
.-tilnl  'S  ;i  preliminary  report  on  tlie  piogre.--  of  ]>a;t  of  our  m\ e-tig  itioiis. 

The  existence  of  the  .Arctic  Re.-earcii  Lahorators'  near  I'oint  Haitow 
ha-^  tntide  it  poy-ihle  to  .-tndy  ;i  coa>tal  fre-h-water  lake  in  con.-iderahle  de¬ 
tail.  ;nnl  '.vith  the  laboratory  to-  a  base,  a  snr\e\  of  .-nine  of  the  outlying  Lakes 
wa-  made.  The  sin  \iy  of  the  outlying  lakes  \\a.-  made  dining  the  .-innnur 
of  T'51.  During  that  >unmier  an  attempt  ua-  m.nle  to  iiuotigate  a  limited 
lunnhei  of  lakes  .-o  that  a  coinpan-on  could  In.’  made  hetwia  n  the^e  lake.-  ainl 
ii  >tricll\'  c oasttil  lake  •Ahich  wa-  -tiidied  the  following  -nnnner.  aiul,  further, 
(iiiiipari-oii  could  he  made  with  waters  of  lower  latitude-.  (  )n  thc.-e  on' King 
lake-  the  n^utd  inipoitant  loutiiie  niea-urement>  of  leiii] 'ci .at lire,  tran.-par- 
i-nci.  /ll.  and  other-  were  made.  During  the  .-nmmer  of  1''52.  all  work  wa.- 
coiicent  tailed  on  Imikpnk  (  h're-h  w.aterl.akei  near  the  co.a-i.  lien.  iiHa-nrc 
ineiit-  w  ere  made  ol  photo>y;nl;e-i-,  o\\g<  n.  hn arhonate.  /d  I ,  ihloi  oplu  ll, 
.‘iiil  a  -titd\'  made  of  the  ]iho-phoru-  .and  nitiogen  c\cle-.  a-  well  a-  of  the 
-'•a-oiial  change-  in  the  /oopl.mkiou.  .\<k'|ii.ite  plankton  tow  -  tor  f.aimi-tic 
pn:po-e^  were  made  in  all  waiter.-  nu e-i egated. 

In  tin-  pajier  -omc  ol  the  a.-pecis  ot  the  -tndy  oi  p.holo-\  ntlie.-is  in  liiiik- 
I  nk  ami  part  o;  tin  data  on  one  oi  tin-  /oojdankter-  are  presented.  In  re- 
g.ard  to  ilie  general  dc.-criptioii  ot  the  area,  the  .-m  lace  tcatiires  of  the  (..'oimtal 

•  l ’Mimaiiiilioii  .'o'.  I'*.'.'  .'  ir.iDi  ilu-  .Xi  i  ii.-  K'e-e.iu'li  I  ..ilmi .iC 'l  y,  |  i  r-i  i:ic;l  ill  g.iiiial 
nillilhiu  iit  111  t  o  Cl  an  .\s  (  l.\  P-.-Jul.t  n  ah  the  (  hliee  ..f  N.i\  .il  l\e-i  ua  li. 
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I'lr,.  1. — Grapli  of  iK-puIatinn  ct1uiciK\,  /;,  as  percent,  temperature,  7',  .as  ’C..  anti 
Sccclii  disc  tra  isparency,  5,  as  meters. 


tiirc  is  0.49,  wliich  is  sit.,niitic,'iittly  OilTcrcnt  irom  /cio  at  the  5  pcrceiit  level. 
'I'lie  analysis  nf  the  variatiems  iit  etiieienev  has  iu)t  yet  been  made,  hut  in- 
s])eetiii!i  of  the  data  shows  that  the  ehloiaiphyll  eouteiit  of  tlu  popidatiou 
is  rcspoiisihie  for  liltle  ;;f  the  variation,  and  the  traiispareney  of  the  water 
ii!a\  iia.c  hecn  more  impoitant  in  controlling  photosymiic-sis.  To  sh.ow 
tliis  relationshi))  the  Seechi  (h.-c  reatlin^s  were  .also  included  in  the  tij^nre. 

h'or  Imihi)iik,  0.085  percent  of  the  availahle  solar  energy  was  actually 
used  in  photosynthesis  din  ing  the  period  in  which  the  lake  was  studied.  As 
a  comparison,  the  following  eliiciencies  for  other  lakes  are  jrresented  ; 

O.OiO^f!  C’h.i.se  Lake.  \V'ashington  (.Amlerson,  1953) 

0.()5()';  l.insley  Loiul,  Connecticut  (Riley,  I'MO) 

().085l'  lmiki)uk,  Arctic  Alaska  (Lresent  paper) 

0.1  '/,  Cedar  Hog  Lake.  Minnesota  (  Lindeinan,  1942) 

(').4  ’’i  Lake  Mendotti,  Wisconsin  (I. .indeman,  HM2) 


10 


IUOLOGICAL  KKSKARCri  IN'  THi:  ALASKAN  ARCTIC 


In  the  cases  of  the  Alaskan  and  Connecticut  lakes,  the  data  pertain  to 
studies  carried  through  less  than  a  year,  while  the  reiuaining  percentages  arc 
drass  n  troin  studies  extending  over  at  least  one  year.  'I'he  ilata  on  C  edar  I’og 
Lake  a'ld  Lake  Mendota  are  approxiinatinns  hascil  on  measurements  of  the 
s'.aiuling  crop  os  er  a  iK'rii  d  of  time,  hence  are  indirect  estimates  not  hased 
on  measurements  of  photoss  iithesis.  The  tithers  aie  hascd  on  direct  measure¬ 
ments  of  phutossnthesis.  I'or  tile  ]nirposes  of  this  comparison,  hoss'es'cr, 
it  must  he  remembered  that  the  Alaskan  lake  is  exposed  to  very  little  light  bc- 
tsseen  tl'.e  first  of  Xos-emher  and  the  f  rst  of  March,  after  svhich  it  is  covered 
svith  tliick  ice  until  late  in  July. 

A  better  comparison  svould  lie  made  using  e<iuivalent  time  periods.  An 
approximation  svas  made  to  the  effoiency  of  phytoplankton  production  in 
C7e(!ar  Hog  Lake  during  the  summer,  using  I.indeman's  data  and  sourcc.s. 
Mr.  .\ndcrson  turnisiied  a  calculation  of  tlie  sinumer  eficiency  of  Chase  Lake 
( 18  July  to -6  August  I'k^l;.  Tins  com  pari. -on  follo.vs: 

0.17  ' Cedar  Hog  Lake 
0.045','  Chase  I .akc 
0.085'X  Imikpuk 


Lindeman's  small  hog  lake  produced  a  large  crop  of  routed  plants,  the 
equivalents  of  svhich  svere  not  present  in  the  arctic  lake.  .Anderson's  study 
was  made  or.  a  small  dystrophic  hog  lake  with  a  well-developed  mat  of  sphag¬ 
num  moss  and  a  moderate  rooted  tlora.  In  both  these  lakes,  the  water  was 
rather  less  transparent  than  in  Imikpuk.  A  more  extended  discussion  of 
this  matter  is  in  preparation  'or  future  publication. 

The  ha.'iic  production  of  the  lake  was  assessed  by  the  measurements  of 
photosynthesis.  The  utilization  of  the  material  produced  by  animals  is  more 
dilfcidt  to  determine.  As  part  of  th.e  analysis,  detailed  stiulies  are  being 
made  of  population  changes  of  the  zooplankton,  'khc  dominant  members  of 
the  zoopkankton  were  a  rotifer,  a  /hj/’/n;:.,',  and  a  calanoid  copciiod.  The 
life  history  of  the  copepod  will  he  brietly  discussed. 

The  dominant  copepod,  Llitinontlanui  joluDisoii,  Marsh,  l')20,  is  of 
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genus  having  in  addition  to  a  marine  form,  L.  a  form  found  coastally 

as  well  as  at  con^ideial)le  distances  inland  in  North  America,  L.  }}iiicn(nis. 
Records  of  the  fresh-water  forms  indicate  that  they  are  app.arentiy  alsvays 
found  in  losvlands  that  may  have  been  covered  by  tlie  sea.  Interesting  daia 
on  the  processes  of  speciation  might  be  brought  to  light  by  a  study  of  meni- 
hers  of  this  genus  that  are  pre.-ently  inhabiting  lakes  formed  after  recession 
of  the  se;  s.  Ceological  evidence  indicates  that  such  a  situation  occurs  on  the 
Arctic  kdast.al  I’lain,  and  hence  a  study  ol  the  distribution  of  L.  jolninsi'iii 
over  the  lakes  of  northern  Alaska  would  be  of  considerable  interest. 
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In  l‘\^2  while'  the  lake  was  ci.ecrcil  with  ahout  5.5  feet  (1.7  meters)  of 
ice.  clleeiioii  nf  the  /ooiilanklon  was  ^tarteil.  hut  ([uar.titaliee  .sampliiii^  wa.s 
nut  jHi>sihle  iin'il  10  Iniv.  hv  whieh  time  the  iee  hail  nielleil  sulluientiy  to 
allow  sampling  aiouiul  it>  ttiiii^es  in  small  o|icn  areas  oi  water.  l»y  then, 
the  thiiil  nai!|iiins  staye  hail  alieailv  reached  its  peak  in  mmiher.'N  and  was 
ch.ir.y'iui:  to  iKmiilir.."  r-lai^e  1\'.  The  aj^iiroxiinalf  time  'pi!:l  in  each  nanidin-; 
and  eopepodid  sta^e  was  e>tiniatetl  from  the  sequence  of  stages  us  each  ap¬ 
peared  111  tile  p"i  illation.  pa>-id  tlir<  ugh  a  nia.\iimittt  oi  iiuiniiers.  and  ili>ap- 
peared.  'i'he  time  hetweeii  neaks  of  curves  smoothed  to  the  populati-'ii  counts 
ni  each  stage  was  taken  as  the  time  .'pent  in  the  sia.ge.  Xau|)hus  ^tage.'  I  and 
II  coiitimied  to  he  proetit  over  a  known  period  ot  IS  days,  siigge.'tir.g  titat 
hatching  is  a  iiroce>s  tliat  takes  place  .'lowly  with  tlie  lirst  sligiit  rises  in 
water  temperature.  I  )aia  ;ire  ai  adaiile  tliai  indicate  that  the  lake  doe.'  not 
freeze  to  the  hi)tt"in  in  winter  l  ohici  il  tiles  of  I  (deol. igitai  .''iirvey  ).  and 
that  tlic  eggs  can  survive  in  a  !a\  er  i.'f  free  w  ater  a|'proximately  1  iiuter  thick 
in  the  deeper  parts  of  the  lake  at  th.e  time  of  tiiickest  ice  formation.  'I'liese 
same  data  indicate  that  this  i-iueter  layer  of  water  just  aho\e  the  hottom 
(if  the  lake  at  the  time  of  lowe.  t  winter  air  temperature.s  does  not  get  colder 
lh;m  -r  1  The  mud  heneath  the  water  does  not  get  colder  than  -f-2  ’  C..  thus 
acting  as  a  resenoir  of  lieat.  In  Iiuikpiik.  therefore,  eggs  of  copepods  can 
w  inter-over  utider  conditions  not  much  more  severe  than  those  foutul  in  any 
tnid-latiludc  lake  where  freezing  occurs  in  the  to|)  layers  of  water  and  the 
remtiindcr  of  the  lake  waiter  is  maintained  at  a  temperature  at  or  near  -f-d  C. 
We  have  tio  itiforimitiou  oti  the  possihle  survival  in  the  more  shallow  frozen 
ntud. 

.As  indicated  iti  Tahle  I.  the  adult  copepod  einerged  from  stage  \'  co|ie- 
piiilid  ahout  forty-seven  days  after  the  eggs  hatched.  It  did  not  attain  se.xual 
maturity  until  after  it  had  lived  for  ahout  a  iiioiith.  as  indicated  hv  th.e  time  of 
apiiear.'ince  of  eggs  in  the  ovtiluct  of  the  female.  .At  this  time  the  lake  began, 
to  freeze  over,  and  later  gravid  females  were  taken  under  ice  in  water  at 
ahout  4“ ^  k  .  i'fggs  must  remain  in  water  of  this  tetn|ieratiire  until  the  fol¬ 
lowing  July.  Since  the  last  collections  taken  under  the  ice  were  made  on 
1  I.teceniher  ]S52.  it  is  soinewliat  uiicertain  in  wliat  form  tiic  animal  spends 
the  ifrst  six  months  of  the  following  year,  l  lie  occurrence  of  only  middle 
tiait|)liiis  .^tages  at  the  time  of  melting  in  July  sngge.'ts  very  strongly  that  the 
adult  population  dies  ol'f  during  the  winter,  t  )ii  the  haris  of  the  rate  of  iiior- 
talitv  in  the  iiuaiitit.itive  samples  taken  hefoie  free/ing,  it  is  estimated  that 
the  adult  popnl.itioii  may  have  died  mf  .ifter  about  12t)  liavs.  Since  it  is  very 
iiiilikelv  that  the  early  nauplius  .stage>  per.'i.'t  very  long,  the  time  of  h.itclung 
of  th.e  eggs  must  have  heen  mid- Inly.  It  was  also  mid- July  that  solar  atul  sky 
radiation  had  reached  Mtllicient  intensity  for  a  long  enough  period  of  time  to 
melt  tiie  heavy  ice  cover  and  start  w.iitniitg  the  water.  I'he  total  time  tin- 
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TABLE  I 


Seql'ENCe  of  Stages  of  Limnocalanus  johanscni 


StaKc 

Datr  of  Maximum 

Occurrence 

Duration  of 

Instar  (Days) 

N-I 

1 

N-II 

?  1 

1  6,  estimated 

N-III 

’  j 

1 

N-IV 

Inly  16 

2 

N-V 

July  18 

3.5 

N’-VI 

July  21-22 

5 

C-I 

July  26-27 

3.5 

C-II 

July  30 

3 

C-III 

AuRiist  2 

3 

C-IV 

August  5 

5 

C-V 

August  10 

U) 

■Approximately  47  for  all  immature 
.stages 

C-\T  (.Adultsf 

.August  2t> 

120  (4  months),  ap- 

proximatcly 

I'.'/.  ai)pr()xirnaic  span 
of  activity 


lake  was  free  of  icc  was  65  days.  This  allowed  the  adult  eojx'pod  about  23 
days  in  an  ice-free  lake  for  growth  and  maturation,  which  some  of  the  cojxt- 
pods  ju.st  attained  before  icc  formation. 


A  C  K  N  ( )  \  V  1. 1  •:  D  G  M  E  N  T  S 

We  arc  greatly  indebte<l  to  Ur.  1.  L.  Wiggins,  Scientilie  Director  of  the 
Arctic  Research  Laboratory,  for  co-ujjeratively  jdacing  the  facilities  of  the 
laboratory  at  our  dispos.al  and  for  providing  necessary  logistic  sn])])ort.  To 
all  the  laboratory  and  .\rciic  Contractor  personnel  who  contributed  to  our 
efforts  while  working  the  lakes,  ap])rcciation  is  hereby  expressed.  Deep  ap¬ 
preciation  is  also  t'X])resscd  to  Robert  A.  Main,  whose  elTorts  during  the 
•Mimmer  of  l'>51  made  the  survey  of  all  the  lakes  jiossible,  and  to  lean  1. 
Comita  for  doing  m;my  of  the  l.alioratory  analyses  and  contributing  to  the 
ardinjus  collection  (jf  samples  in  the  fieUl.  Thanks  are  due  also  to  George  C. 
.Anderson,  who  kindly  made  available  his  unpublished  d.ata  on  Ch.ise  Lake. 

We  take  this  o])])ortunity  to  express  our  appreciation  to  John  ).  Koranda 
lor  taking  seven  jilankton  hauls  from  Jmikpuk  after  it  had  frozen  over.  These 
collections  made  it  jiossible  for  us  to  as.sess  certain  facts  in  connection  with 
the  biology  of  the  cojiepods. 

W'e  gratefully  make  acknowledgment  to  the  ( .flice  of  Xaval  Research  for 
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the  sitpiH)rt  extended  us  in  the  lortn  of  the  contract  under  which  t!ic  work  has 
been  done. 
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SOMK  OHSERVATIOXS  OX  ARCTIC  CRUSTACEAXS  AXD 
TMEIR  ASSOCIATES:  XOTES  OX  THE  FACXA  OF 
XL'WUK  POXD.  POIXT  BARROW^ 


John  Ei  tiikk  Moii k 

I’liivrr'ity  oi  Si-iillurn  (.'allii>rni.i 

On  tlu' ravel  spit  tl'.at  is  the  “point'’  ui  Point  Barrf)'.v  there  are  se\  eral 
ponds,  riu'  larL,a'>t  of  these  and  in  some  ways  the  niu.>t  interesting  we  liave 
called  Xnwiik  Pond.  ajipU  ing  to  it  the  F.skiino  name  for  the  whole  proin- 
inenee.  l  liis  p()nd  is  ahoiit  7 5()  feet  in  greatest  dimension,  its  northwest  mar¬ 
gin  lying  ahont  2<K)  feet  from  the  Are'tic  CVean.  .\l)>nit  halfway  hetween  the 
i)cean  and  Xnwnk  Pond  is  a  \erv  shallow  poo!  which  from  the  air  shows 
connections,  clearly  recent,  with  the  main  pond,  so  from  time  to  time  the 
w.aters  of  the  two  must  he  coiilhicnt  and  so  close  tii  the  sea  as  to  be  within 
spha>h  range  during  ver\'  severe  storms.  [ Since  the  writing  of  this  iNaper 
Xorm.in  I.  Wilimow-k)'  in  litt.  has  continned  the  fact  that  waves  reach  Xn- 
wn.k  Pond  during  an  autumnal  storm,  j 

.''alinit\- < if  the  water  wa>  tC'-ted  once  (7  itdv  l'h'2i.  the  sample  having 
a  cldorositv  of  l.d  percent  or  a  s.ilinity  of  ronghlv  2.1.^  percent,  an  oligi'haline 
or  meiome'ohaline  level  depending  upon  where  one  draws  the  line  between 
"low"  and  "low  medium"  salinity  (Dahl.  I'MS'i.  'J'he  contour  of  the  imnd 
hottoni  ajjpears  to  he  that  of  a  Mimewh.it  elong.iled  oht riangnla.ii'  h.isiii 
sh;dlowc>t  .>ea\\ard  and  reaching  .i  dejith  of  not  le-^  ih;m  17  feet.  .\  .-'■.dtide 
mud  cov(.i>i  the  hottom  in  the  <leeper  jioriion.  I  he  on!v  living  \egctation 
apiieared  to  he  an  .alg.i  forming  .a  lilm  on  i!ie  gr.ivt  1  in  .'h.'.ilow  w  ater,  .although 
dead  leaves  and  stcans  of  unidentilied  llowering  i)lam>  .and  thallu^  fragments 
oi  hryo])!iytt  s  oecuried  in  small  i|ii.antitie>. 

W  iuai  .\nwaik  Pond  w.a  -  iir.-l  \  i'i'ed  h\' the  ■'peaker  in  luK'  Inlv  I'h^J), 
it  r\.a>  covered,  e.\ce|)t  tor  a  i()-inot  border  .area,  hv  .a  thick  sheet  of  ice.  .\t 
tins  time  and  siihsequenlly  on  .several  occtisions.  water  birds  were  •'ee:i  .aj'p.ar- 
eiul\  in  t' i'lling  activities.  Windrows  of  gamm.ariile.an  amphi]'.ids  on  the 
I'ortluve-i  :hore  indicated  that  the  pond  was  or  had  been  inhabited. 

(,'ollecting  with  '](riii‘'h  nie-.h  nets  in  we.asel-i oiled  w.aters  vielded  tlnaa' 
crnst.ace.ans  ( (uuninarus  si  tO'His  Detnentievti,  Onisiinus  s]>..  both  gammarid- 
ean  .am])hii)ods.  and  .1/y.'.’.''  /a  .bi  b;  !.  i\en)  and  .an  eiiclnt r.aeid  oligocluiete 
.still  unidentilied.  d'hese  occuriad  in  tia'  r.atio  of  ronghlv  lOP  (i,!iniiiani.\'  ti'. 
5  ()msi)iins  to  1  or  2  .Uy.'i’.f  by  th.is  nutlmd  of  collecting  (in  a  wire  .screen 


"  (.'oatriliii'ion  No.  in.^3-6  from  tlie  .\rctic  !\e.itarch  I..al)(.)r.atory.  tireseiited  in  t'.irllal 
iiiirilliiici'.l  o'  P<:>iilr.'.''l  N(iiir-777(('U)  ’.viih  the  Ollice  of  N.aval  Keso.art'li. 
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traj).  the  proporlinn  of  .U  v.'i.v  ran  somewhat  higher  ).  Xu  attcniiDii  was  j^iven 
the  oligoclractcs  whicli  were  iiUennediatc  in  iniinher.s  between  the  Giinmidrui 
ami 

The  eoinbination  of  tliese  orj^aiiisins  in  a  pond  of  low  salinity  raises  a 
number  of  ecological  considerations,  (/unmun i(.r  lontsta  (I.innacns)  has  un¬ 
til  recei’.tly  been  treateal  as  an  e.Neeptionally  adaptable  species,  jirobably  cir- 
euinterrestrial  in  a  wide  range  of  littoral  and  snldiitural  situations.  The 
studies  of  Se.Nton.  Spooner,  and  Segerstiale  have  thrown  light  on  a  synipatric 
group  all  niorjihologicallv  similar  to  (/.  loi  itsiii  but  having  dilTercnt  ccohigt- 
eal  rc'.juirenients.  the  relaiioiiships  to  salinity  having  been  eiueidated  especi¬ 
ally.  In  tliis  (/'.  /(’(  K.c'u  eoniple.x  the  siHvies  (7.  which  is  found  in  Xn- 

\\  Ilk  I’l  inl.  IS  a  h  >w  arv  tie  ii;einbi-r.  W’ln'ie  tlie  bti  iatui  e  yiekl.-  no  specitic 
ilata  on  the  salinity  toleratiee  of  (7.  s.  tiisiis  (Dahl’s  (  S’ldi  reference  to  G. 
locusla  f.  Si  tosKs  in  the  ll.altic  being  referable  to  the  clusely  allied  G.  c.  c.;d- 
(idilii  aceordiing  to  Seger-tisile  (I'D")].  Stepbensen'v  Greenland  records 
strongly  sugge.st  a  very  eur\  haline  ainphipod  euniined  tn  sliallow  water.  The 
present  "bser\ations  are  of  a  th.riving  p-i])ul.ition  in  a  pimd  of  h.w  salinity. 

In  contrast  to  the  family  Ganunaridae  in  wb.ieh  several  eiirvh.din.e  Iine.s 
appear  to  k'ad  to  fresit-water  life  (in  the  h>w  arctic  cf.  e.specially  the  wide¬ 
spread  /(');, Sahute  .nul  its  limnetic  form  (7.  /.  Lu  us- 

tris),  tb.e  ainphipod  family  Lysiatuissidac  to  whic!)  0)i.Gi))ni.s'  belongs,  is  not 
kiieiwn  t"  ir.ave  any  trend  toward  hr.'icki.'li  water  and  t"  fresh-u.ater  repre- 
-eniatiees  with  one  pi 's.-'ible-  e.xci-ptieju  |  Maii.-en  i  I'kit).  I'Miii  notes  that  the 
!ysiana.->.>id  I\<ru(!i;!:l'iot:(s  may  occur  at  the  months  of  rivers  nf  the 

lnw  arctic].  Altliongh  the  getnis  has  two  widespread  littoral,  low  arctic 
Species,  its  surviv.u  in  ;i  lacu-tiine.  < •ligoltaline  .'-.tnation  apiienrs  iiuteworthy. 
|•..\perimental  ^tudy  of  the  >alinity  tderance  of  this  strain  woukl  appear  to 
iic  de.->nable. 

riie  third  crnstacv-an  of  .Xnwtik  r<>n(l  is  M  wes  rrlic!,:  I  .o\'en.  M .  iwiihtlii 
1.'  .1  (  iiinnuin  eirenmpi dar  ni\-'id  "i  salt  water  and  brackish  water.  It  appears 
tii.ii  w  iierever  .-ti  i  ks  of  M.  oca/itn;  are  coinme-.i  to  weakiy  bra.cinsii  or  fiesii 
w.iti  r.  biacding  iiuii\ idnal.s  develop  which  particularly  in  the  character  of 
tlie  seciiiid  tmteiaiai-  and  of  tile  telsoti  n  -i  inbie  juvenile  M .  but  are  in 

current  practice  .assigned  to  the  separate  .specie.s  M .  riie  .'/.  r. /.a  /.;  of 

.X’liwnk  I’ond  are  rianoved  from  the  M  oi  uLitii — winch  Dr.  Danner  v'X’  lilt.) 
rcp'ift.s  to  be  “i|nite  coiimion  in  .\rctic  .\laska"  ;nid  w'aicli  we  too  have  from 
I’oiiit  Dm  row  niiirine  collecting — by  n  few  yards  ot  gravel  spit  and  pi estini.t- 
bl\'  a  lalatu'eb  short  -paia-  oi  time  in  \iew  oi  t!u-  as-.  ni.iti‘ >n  with  (  '  :;s. 

1  lowever.  they  w  ould  appear  to  be  ipiite  :is  go.-d  M .  h-Hi  tii  nioi  phologically  as 
those  iif  the  D.allie  of  the  .Xorih  .\iiierii  an  (  lre.it  I  ..ake.-  hasiii  wliieh  d.ite  tlieir 
i.-olaiioii  front  separate  tii.irine  -tuck-  to  gl.uaal  tiiin-s. 

I'foin  stiiiD'  III  e.Nteiisi V('  Spit/ln-igeu  niatei  i.ils.  ('Inlsson  (lol.Ni  le- 
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ported  that  where  certain  fjords  of  Bel  Sound  present  large-scale  salinity 
gradients,  intermediates  between  the  marine  and  fresh-water  forms  exist. 
-•\ccordingly  he  treated  the  fresh-water  (or  oligohaline)  mysid  as  a  fornia 
of  M.  oculata.  Although  some  others  have  tended  toward  this  point  of  view, 
Holmquist  (1049)  on  a  careful  statistical  study  of  oru/a/a-examples  from 
northern  Xorway,  Spitzhergen,  and  Greenland  and  rc/jV/u-e.xamples  from 
Swedish  relict  lakes  and  tlie  Baltic  Sea  states  that  one  can  distinguish,  even 
small  individuals  (up  to  4  min.  body  length)  of  the  two  kinds,  and  she  re¬ 
marks  categorically  that  no  direct  intermediates  have  been  found  although 
a  tendency  in  some  geographical  races  of  M .  oculata  to  approach  a  rclicta- 
condition  may  apiiear.  Obviously  a  considerable  degree  of  ada])tability  is 
jircsent  and  presumably  a  certain  plasticity  of  development.  Dr.  Banner 
(in  litt.),  who  has  worked  up  the  inysids  of  the  MacGiniiies’  Point  Barrow 
collections,  suggests  that  the  materials  for  experimental  examination  of  these 
variables  are  at  hand  about  Point  Barrow. 

The  remaining  macroscojiic  invertebrate  of  N'uwuk  Pond  is  an  enchy- 
traeid  worm  which  is  present  in  large  numbers.  I'ncbytraeids  in  low  arctic 
areas  in  Eurasia.  Spitzhergen.  and  .Xinerica  include  notoriously  eurytopic 
species  .so  that  our  species  is  unlikely  to  add  any  evidence  as  to  the  source  of 
the  Xusvuk  Pond  fauna.  Because  of  the  relative  coarseness  of  the  nets  used 
in  the  collecting  (  a  ’|c.-inch  mesh  ),  none  of  the  smaller  crustaceans  which 
have  thrown  light  on  the  origins  of  the  fauna  of  relict  lakes  in  other  areas 
was  studied. 


It  i.s  of  some  interest  to  consider  the  .Xuwuk  Pond  crustacean  si>ecies. 
all  of  which  would  appear  to  have  come  from  the  oce.an  in  not  too  remote 
time,  in  light  of  Remane's  (1934)  analysis  of  brackish-water  fauna  in  Eu- 
rojie.  .As  one  ina\’  .sec  from  Remane'.s  di.igram,  in  a  more  ty])ical  situation 
in  water  of  about  2.5  iierccnt  salinity  tbee  sboulil  be  a  broad  preponderance 
of  fresh-water  sj^ecies  with  a  few  characteristically  brackish-water  and  still 
fewer  projier  marine  species.  In  absence  of  data  on  the  inicrofauna,  the  Xu¬ 
wuk  rclationsltips  appear  to  be  ;p:ite  reversed,  d'his  might  be  explaiut  d  bv 
the  remoteness  of  fresh-water  bodies,  but  .a  sh.allow  jtond  about  200  \arils 
east  had  abundant  fairy  shrimp  and  smaller  entomostracans. 

'I'he  breeding  of  tlu;  animal.s  reported  beve  has  not  been  studied  :  however, 
it  sh.oidd  be  noted  that  in  the  earliest  collections  made  (Jidy  2).  females  of 
Ca)innan(s  scti)sus  with  well-developed  yoimg  were  j^resent.  It  woiihl  .aii- 
pe;ii  from  this  that  breeding  took  j)lacc  while  the  i)ond  was  still  covered 
with  ice  and  th.at  this  species  may  be  active  or  subactive  tlirougbout  the  win¬ 
ter.  I'his  Would  doubtless  be  ]M)«.sible  in  the  deeper  cimter  jxntioii  of  the 
basin.  The  considerable  windrows  i)f  dead  individutds  seen  at  the  beginning 


of  July,  mostly  r.itlier  large  gunmarids,  may  include  the  normal  winter’s 
dead  as  well  as  individuals  etuight  in  the  groundcil  portion  of  the  ice.  .As  to 
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the  iivei -wiiitevinj,'  ilevices  ft  li.c  eiu  liy  traeid  unrms,  Stephenson  (1926) 
was  ot  tlie  opinion  tliat  even  the  lianiiest  of  tlic  Si)itzheri(en  species  sur- 
N'ived  tlic  winter  in  the  ej:;}^  staqe.  Madsen  (  l‘,M0')  reinirts  that  in  East  Grccn- 
laml  the  enchytraeid  Luiiihri.  illus  lini  iiftts.  which  ajiitears  to  occniw  a  niclic 
corrcspor.ding  to  tliat  of  die  Ntuvnk  oiif^ocluH  te.  survives  in  the  adult  stape 
throughviut  the  winter.  Hccause  there  appear  to  he  many  mature  worms  in 
the  Xtiwuk  Pond  collections,  it  is  thought  that  these  too  may  over-winter  as 
adults. 

.•\  further  ohservation  (Mohr.  1952)  rellects  both  on  the  over-wintering 
ami  (he  origin  of  (')n  the  jilcopiKls  and  le.ss  e-ften  on  the  gill 

plates  I'-f  (/'.  s<'fosits  there  is  a  sessde  ciliaie  of  ilie  ordet  (  honoirichida  and 
lainilv  Styloclionidae.  Clionoirich'  have  not  so  far  hecii  foniul  to  develnj) 
resi'tant  stages.  'I  hey  art'  found  only  on  crnstacein  hosts  known  or  in- 
lerreil  to  h.e  active  throughout  the  year.  The  stylochouids.  nioreowr.  are 
an  es.<entially  marine  grtaip.  only  i>ne  species,  a  I Ii-liiU'hoiu:.  on  one  of  the 
(i.  locusta  complex,  having  been  reported  tReuf'Ch,  It^of))  fnnn  a  hrackish- 
water  habitat  (W'isniar  Pay  in  the  western  Hallic). 


A  C  K  N  t  n\  I .  f.  I )  < ;  .\  1 1 :  N 1  .s 

Charles  Horvath  was  a  co-worker  in  the  i>lamung  ami  held  work  at  Point 
Harrow.  Robert  Rex  called  attention  ti)  the  presence  u{  (itunnuirus  in  Xu- 
wnk  Pond;  Edward  Taylor  and  Roy  Robinson  took  jiart  in  the  mapping  of 
the  pemd.  Dr.  .-X.  11.  Panner  and  J.  I..  Parnaiil  aitled  in  the  identiheation 
of  the  crustaceans.  The  friendly  help  of  each  is  gr.itefnlly  acknowledged. 
'I'lic  coutractnral  support  pnoided  by  the  OlTice  of  Xav.i!  Research  through 
the  Arctic  Research  Laboratory  made  the  work  iiossihle  and  is  appreciated 
greatly. 
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SOMF.  ('nAKArn-RISTlCS  OF  TWE  FISK  FOl’UI.ATIOXS 
IX  AX  ARCTIC  ALASKAX  LAKFA 

DoNAI.U  F..  Wliltl.Sl  lIl.AC. 

Suiiii'ird  L'nivt-rsiiy 

Till'  i)iir|io.so  ut  this  study  was  to  dctcrniiiit;  the  magnitiidi'  and  suiuc  i'll 
the  charactci  islios  of  lish  populations  in  an  Alaskan  arctic  lake  and  to  re¬ 
late  these  detenninations  to  the  possible  future  development  iif  fresh-water 
lishery  resources  of  the  area. 

h’resh-water  ti.shery  resources  of  the  Ala.'katt  arctic  have  hceii  luili/e'l 
only  locally  and  sporadically  hy  the  ICkinios.  \\  ith  tiie  general  deveh  jinum 
of  .\laskan  resources  in  the  future,  it  is  i|uite  prohahle  that  lishery  re.-' rc.rces 
will  heconie  more  c.xtensivcly  litilized  cciumercially  a<  well  as  fi'r  speirt.  The 
developmental  secpience  of  utilization  and  management  of  northern  .Maskan 
fresh-water  fisheries  will  fpiite  possibly  he  similar  tu  the  sequence  of  events 
in  the  Yukon  and  Xorthwest  'I'erritories  as  summarized  h\  Dynioial  (  Ipqy  i 

('olleciively,  the  fresh-water  poiuis.  lakes,  and  stn-ams  of  the  north.ern 
arctic  slope  of  Alaska  comprise  as  much  as  5l)  percent  of  the  land  surface. 
.Arctic  lakes  and  potids,  it  not  completely  isolated  from  the  sea  and  if  deep 
enough  in  prevent  freezing  to  the  bottom,  may  he  cxpcetctl  to  contain  resi¬ 
dent  lish.  populations  (W'ynne-Fdwards.  19.vK.  Resident  populations  of 
li.sh  iniglit  also  he  e.xpcctcd  in  the  larger  and  deeper  streams  •.\lsich  never 
freeze  completely,  in  addition  to  the  resider.t  popnlation.s.  seasinial  ci  ncen- 
iraiious  of  migrating  sjiccies  might  also  he  expected  in  most  of  the  waters 
llowing  to  the  .sea. 

I’ractical  eoiisideratious  alone  should  he  jnstilieation  enough  for  the 
sludv  of  fishes  of  this  region  prior  to  any  extensive  fuiiire  depreihuitni-^.  The 
i.'>ohited  pttpulations  of  arctic  lakes  arc  al.so  ide.al  for  theoretical  stiulies  inas¬ 
much  as  lish  have  slow  growth  and  rccrnumenl  rates  and  complications  fr>'m 
p;i-<i  exploitation  are  largely  ab.scnt.  With  these  motives  m  nmul.  an  inten¬ 
sive  studv  of  some  iif  the  characteristics  of  the  lish  populaiimis  in  Ikroavik 
1  .ake  was  undertaken  during  the  sumiuer  of  lo.>2. 

i)t;.scui I'TioN  or  ikko.\vik  i..\kk 

Ikroavik  I. ake,  who.se  roughly  oval  surface  conligiiratiou  h.as  a  long 
axis  at  approximately  348-168  degrees  true  azimuth,  is  one  of  the  thonsand.s 
of  oiaentcd  lakes  and  potids  in  the  Point  Barrow  region  deserihed  hy  Black 

‘  ('.!i)irii)iitiriii  Ko.  10.S.V7  from  tlie  .Arctic  Ke.si.’.rci’.  l.:thoi;(lorv.  preseiiu-.i  in  luni.-d 
I'l  (.Contract  Noiir-2i5t,0S)  with  tlic  OlVue  of  ,\'av.al  KcM-arcli. 

!') 
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aiid  Barksdale  ( 1949).  It  is  about  2]^  miles  long  and  nearly  a  mile  wide.  Its 
approximate  geographical  center  is  at  Lat.  7\^  13.5'  X.,  and  Long.  156°  38' 
\V..  6  miles  south  of  the  Arctic  Research  Laboratory  at  Point  Barrow.  The 
maximum  depth  over  most  of  the  area  of  the  lake  is  only  7  to  Z  '-'j  feet 

One  inlet  drains  the  spring  and  early  summer  rnnolT  from  .several  |>onds 
immediately  to  the  northwest  of  the  lake ;  the  other  inlet  is  a  small  stream 
about  two  miles  long  flowing  into  the  west  .side.  The  single  outlet  is  a  shallow 
meandering  stream  wliich  flows  into  Ll.son  Lagotm  to  the  southeast ;  it  freezes 
solidly  in  the  winter.  Although  at  times  there  could  he  movement  of  fi.sh  to 
and  from  the  sea,  the  lake  is  believed  to  remain  essentially  isolated.  The 
north  shore  line  is  made  up  of  gravel  which  grades  into  sand  at  the  north¬ 
eastern  heach.  The  west  shore  is  (juitt  largely  an  abrupt  tundra  wall  up  to 
5  feet  high,  formed  by  ice  inur  ement  during  ihc  spring.  Swampy  shore  line 
characterizes  most  of  the  remainder  of  the  lake.  During  the  spring  of  1952 
Dr.  Ira  L.  Wiggins  made  two  borings  in  the  ice;  he  found  tliat  th.e  ice  was 
1.84  meters  thick  with  45  centimeters  of  underlying  water  at  one  place;  at 
another,  the  ice  thickness  was  1.87  meters  with  52  centimeters  of  water. 

The  severity  of  the  aijuatic  environment  is  marked  not  only  by  the  small 
amount  of  water  beneath  the  winter  ice  cover,  hut  also  by  the  extended  pe¬ 
riod  of  ice  action  in  the  spring  and  by  the  very  short  ice-free  summer  .season. 
The  sequence  of  thermal  relationship.^  during  tlie  1952  .season  is  illustrated 
hy  the  surface  temi)craturcs  plotted  in  I'iguie  1.  Ify  the  middle  of  June  the 


I  ”  ■ 
15 

JULY 


AC  JST  SEPTEMBER 

I-'iG.  1. — Surface  water  temperatures  of  Ikroa  vik  Lake  diiriiiR  summer,  1052, 
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ice  had  started  to  melt  slightly  around  the  edges.  Early  in  July  the  ice 
mass  had  become  free'  enough  from  the  sliores  to  shift  with  tlie  wind  and  plow- 
up  eNteu.sive  areas  of  shore-line  tundra,  gravels,  and  sands. 


-  TKE'.ElSllES  OF  IKROA AUK.  L.\KF.  '  ' 

At  the  time  of  the  melting  of  the  ice  along  the  shores,  large  numbers  of 
the  small,  nine-spined  stickleback  Pungilius  pungithis,  were  in  evidence. 
When  the  ice,  which  vvas  piled  up  on  the  shores,  melted  or  receded,  large 
numbers  of  dead  sticklebacks  were  found  where  tliey  had  been  entrapped. 
That  not  a  single  specimen  of  any  other  kind  of  iish  was  found  dead  at  tins 
time  indicated  that  any  perfnment  fish  population  must  have  been  isolated 
under  the  ice.  Continual  seining  and  trapping  around  the  edges  of  the  open 
water  leads  in  early  July  failed  to  yield  a  single  fish  until  July  15  when  one 
seine  haul  netted  twelve  large  and  very  fat  Prosophtm  cylmdraceum.  By  tlie 
cud  of  July  several  large  collections  including  many  Leucxchthys  sardinclla 
and  a  few  P.  cylindraceum  had  been  made.  Routine  observ-ations  were  con¬ 
tinued  until  September  10,  1952. 

The  larger  Prosoplum  which  were  autopsied  indicated  that  gonadal  ma¬ 
turity  and  spawning  occurred  in  early  August.  One  .school  of  fry-  vvas  ob¬ 
served,  but  only  a  single  2.5  centimeter  specimen  was  obtained.  Norman  J. 
Wilimov^sky  (personal  communication)  obtained  specimens  of  jhc  same  si^c 
on  June  29.  1951,  TTut  it  should  be  noted  that  the  lake  had  become  ice-free  by 
late  June  in  1951.  Careful-observations  during  1952  revealed  neither  spawn¬ 
ing'  activities  nor  deposited  eggs.  With  hut  one  exception,  14  Prosophtm  ex¬ 
amined  during  September  had  sffavvnedTthe  exception  was  a  large  marked 
female  which  had  been  recaptured  twice  and  which  had  begun  to  show  the 
wear  of  excessive  handling. 

Examination  of  adult  Lcucichihys  suggested  that  gonadal  maturitv  vvas 
ju.st  being  attained  at  the  time  of  the  .Sepleinljcr  collections.'  Onlw  16  of  127'- 
mature  fish  had  definitely  spawned  by  September  10.  Among  fingerling 

T  ci»/>r-in>»*nc  Annrnct  crvnrirnrf^tnc  frCvo-* 

.....,,,,aJjaut-dU.0L-6a:eathiin^  .jnstTiegJnmngJo--Iami-t.heir--fi£&fcpS€aJe4^ 

These  small  fish  had  most  likely  hatched  under  the  ice  din  ing  the  previous 
winter. 

la  August  two  ripe  male  specimens  of  chum  or  dog  salmon  (  Oncorhvnchiis 
keta)  were  taken.  Since  the  pirevious  occurrence'of  salmon  in  the  lake  had 
been  unknown  to  the  Eskimos,  it  vvas  assumed  that  these  two  specimens 
were  “strays." 

Norman  J.  Wiliinovsky,  who  is  currently  studying  the  historv  of  the 
Eskimo  fisheries,  ha.s  noted  that  Ikfoa-vik  Lake  has  been  virtiiallv  unex- 
piloiied  since  1944,  the  last  known  fishing  being  an  unsuccessful  week  for 
Eskimos  in  1950.  J’rior  to  19-14,  E.skimo  travelers  sometimes  stopipcd  briefly 
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at  the  lake  and  fished  for  several  days  in  the  spring  or  in  the  autumn ;  there 
is  no  evidence  to  indicate  that  the  lake  ever  supported  a  continuous  fishery. 


THE  WIII'lEi-Iolt  I'OI’Ut.ATtONS 


Methods 


The  Schnabel  (1938)  inark-and-recapture  nicthod  was  used  for  the  esti¬ 
mation  of  the  Prosophim  cylindraceum  and  Lcucichthys  sarduiclla  popula¬ 
tions.  The  "average”  estimated  population,  P,  from  a  series  of  estimates 
made  while  marking  is  in  progress,  is 

~  S(C) 

where  A  is  the  total  mmiher  of  fish  observed  during  each  period  of  sam¬ 
plings.  P  is  the  total  number  of  fish  marked  and  at  large  at  the  time  of  sam- 
plir.g.  and  C  is  the  number  of  recaptures  in  any  one  sampling  period,  “o” 
denotes  "sum  of.” 

From  July  15  through  August,  fish  were  seined  with  a  200-foot  j4-inch 
mesh  seine  which  was  15  feet  deep  in  the  middle  and  tapered  to  6  ‘cet  deep 
at  the  ends.  During  Augu.-'t  additional  fish  were  captured  by  the  use  of  a 
)  00-foot.  1-inch  mesh  gill  net  which  was  6  feet  deep.  After  concluding  mark¬ 
ing  operations  in  .August,  the  final  sampling  in  September  was  by  means  of 
the  I -inch  gill  net  and  two  "experimentar’  gill  nets.  Each  experimental 
gill  net  w;i.>  250  feet  long  and  6  feet  deep,  and  was  comprised  of  50  feet  each 
of  meshes  of  J.i,  1 .  1  j  1 )  A  and  2  inches. 

Marking  was  accomplished  by  fin-clipping  fish  whose  fork  lengths  were 
over  ISO  niilliiiieters.  Marks,  .successively  changed  at  weekly  intervals,  were 
adipose,  left  ventral,  right  ventiai.  leit  pectoral,  and  right  jtectoral  fin  clips. 
Both  wliitefish  species  ISO  millimeters  ior.g  or  longer  ai)i)eared  to  he  fiillv 
vulner.ahle  to  the  '.(-inch  me.-h  "f  the  seine,  which  w.is  the  gear  iiseil  for  the 
i-.aptnre  of  nio>t  of  the  live  fi;!.;  all  i>o|)ul.ilion  i-'tim;ition  d.ata  ile.al  with 
li.sh'■^  ;;|nive  this  ininimuni  U-ngth. 


\\ 


...  C.-i. 


w  V  i  •  I  V 


...I 


I,  tiiv'V  iiiulUi  lu'itk  I'v'  111  live 

cars,  from  which  they  wer<‘  withdrawn  for  me.asuring.  weighing,  sampling 
(it  scales,  :uid  marking.  .St.and.ard,  fork,  .and  total  lengths  were  recoichal  to 
the  ne.arest  millimeter.  Weights  ware  recorded  to  the  nearest  gram  fiir  fish 
weighing  less  than  500  gr.an!>.  to  the  ne.arest  2  grams  for  fish  weighing  he- 
tw(a-n  5ij0  and  1,000  gram.-.,  and  to  the  nearest  25  grams  for  tish  o\-er  1 .0(X) 
gr.ains.  'I'he  sc.ale  saugiles  were  preserved  for  age  ami  grow  th  determinations. 

Seining  was  fe.isihle  only  on  the  gravel  and  sand  beaches  of  the  northern 
j.art  of  th.e  lake,  ami  in  order  to  assure  more  raudoui  distribution  of  marked 
I'i.sh  they  were  traiisiiorted  in  large  tubs  to  the  mi-ldle  of  the  lake  where  they 
were  released.  Injured  fish  (especially  tho.se  from  the  gill  net)  were  removed 
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■ior  rneasuririg  and  weighing  and  were  observ^ed  'for  sex,' mattiTity,  ahd  in¬ 
fection  by  parasites. 

Four  or  five  l-inch  poultry-mesh  traps,  similar  to  those  described  by 
Wohlschlag  (1952),  were  set  in  the  outlet  so  that  immigrating  or.^-. emi¬ 
grating  fish  could  be  caught.  Several  gill  net  sets  across  the  outlet  were  made 
also.  s- 


Results 

Except  for  the  abundant,  but  very  small,  sticklebacks  whicli  were  not 
sampled  and  the  two  chum  salmon,  the  two  whitefish  species  comprised  the 
fish  populations  oi  the  lake. 

TliC  Leuciclithys  seirditieila  dataior  the  July  31  to  September  capture- 
recapture  operations  broken  down  into  six  periods  are  summarized  in  Table 
I.  The  “best”  estimate -from  these  data  would  be  5,736  with  0.95  confidence 


-  T.ABL-E  I--  -  - 

-  __C.\rTURE-RcC.y?TURE  D.a.T.\  for  the  ESTIM.eTTON 'of  the  Popui-.^tion 
OF  Lcuciihfhys  sardimlla  in  Ikro.vvik  L.^ke 


'  Period 

Knniber 

Hamllcd 

<.A) 

X  umber _ 

Marked 
and  Kc- 
turned 

_ Xronber-of _ 

Marks  at 

Larsc 

(B) 

Number 
of  Rc-' 
captures 

(O 

S(AXB) 

SCO 
=  P 

1 

38 

38 

0 

0 

2 

68 

58 

38 

2 

1,292 

~  ~  '"126 

'106 - 

'  96 

1 

4.893 

4 

17 

14 

202^'  — - 

—  1  — ' 

-'•■'4:529”"“"'' 

5 

84 

74 

216 

2 

6,043 

6 

372 

0 

288 

19 

5,736* 

*  0.95  c/jiiii<lc!ice  linits  from  3,(359  to  8.-I“5  by  Poisson  approximation  method  or  Chapman  (I9-1S). 


limit.s  ranging  from  3,659  to  8,475,  as  calculated  by  the  Poisson  approxi¬ 
mation  method  of  Chapman  (1948).  The  average  weight  of  721  L.  sar- 
diiiciia  over  loO  uiilliiTjeters  lork  length  was  IS  1.59  grams;  the  weight  of 
fh’C“T!^rnated-T3opttiation--\vtould  -be-  accjordingly-  l-.-OSQ-  ■kdogramS:...^.(i25334^..:.,^ 

pounds).  _  _  ^ _ 

lifTabTeTI  are  tlie  mark-and-recai9ture  data  for  the  Prosnpiinn  cyiindra- 
eeuiii  wliosc  fork  lengths  were  greater  than  180  millimeters.  Because  of  the 
very  few  fish  handled,  the  data  are  grouped  into  4  two-week  periods-between-  - 
July  15  and  September  10.  The  estimate  of  189  has  binomial  confidence 
limits  from.  102_to  ^141  when  calculated  from  the  table  of  Fisher  and  Yates 
(1949).  The  average  weight  of  55  P.  cy/wdraee«?«  havin*^  ^  ’  lengths  over 
180  millimeters  was  433.98  grams;  accordingly  the  wei  c  estimated 

population  would  be  82  kilogranis  (181  pounds). 
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TABLE  II 

CAPTi  KE-RECArri  RK  Data  i-or  the  Estimation  ok  the  Pokulation 
OK  Prosof<ium  t’yliiidract'ujn  IN  Ikroa  yik  Lake 


Pcricxl 

n.inillcd 

c.-f ) 

Numlxr 
M.Trkr«t 
and  Rr 
turncil 

\umlK*r 
<>t  Mark’i 
al  I.aricc 

Oi) 

Niitnitcr 
of  Re¬ 
captures 

iC) 

5 (.4  v/o 

AID 
=  P 

1 

18 

15 

0 

0 

2 

13 

12 

15 

1 

195 

3 

5 

5 

27 

0 

330 

4 

31 

3 

32 

() 

189» 

•  0.95  confulrncr  limits  from  102  to  44t  from  Table  Vll  of  Fisher  ami  Yates  (1949), 


Tlic  tr.TiTs  aiu’  tlie  ijill  not  sets  at  tlic  outlet  yielded  neither  emigrants 
nor  immigrants. 


OISCf.S.sION  OK  r.STl  .\1ATK.S 

Basicidly.  the  succe.sstul  application  of  the  Schnahel  (I'.'dS)  niark-and- 
recapture  techniciue  depends  upon  two  assumptions ;  first,  a  population 
being  estimated  must  be  a  “closed”  or  constant  pojailation  w  ithout  removals 
due  to  emigration  or  mortality  and  witiiout  additions  due  to  immigration 
or  to  growth  of  individuals  into  the  size  range  being  samiiled  ;  second,  cither 
or  both  the  marked  and  the  unmarked  fish  niust  he  randomlv  .sampled.  A 
complete  discus.sion  of  these  assumptions  has  been  given  hv  Kicker  (194S). 

.'several  lines  of  evidence  indicate  that  the  wliitefisli  jiopulations  in 
Ikroa  vik  Lake  were,  for  all  practical  purim.ses,  constant  during  the  summer. 
Lveii  though  '’e  two  salmon  did  liypass  the  trajis.  tliere  was  no  indication 
that  the  whitcfishes  moved  into  or  out  of  the  lake  jiast  the  trajis  and  nets  set 
at  the  outlet.  l)uriug  the  suiiuner  a  serie.s  of  scale  s.uniiles  was  taken  from 
lA'ucichthys  sarditu'lla,  which  occurred  in  the  marine  waters  of  bd.sou  Lagoon 
several  miles  to  the  southeast  of  I’oint  P.avrow.  tor  coiniKirison  with  the  scales 
of  the  Ikroa  vik  Lake  1..  sardittrlia.  l-ktch  of  these  popul.itions  had  (uiite  dis- 
tineti\e  growth  patterns  reiiected  in  the  arrangement  of  annuli  and  circuli 
of  the  scales.  I'urthcrmore.  as  is  well  known  to  the  local  I'.skinios.  the  lake 
forms  of  L.  surdiiirlhi  are  much  fatter  and  plumiier  th.au  the  marine  or  river 
forms,  'fhe  nati\es  of  the  Lngava  Bay  region  of  eastern  t'aiKula  also  have 
noted  similar  differences  between  lake  and  river  Prosol'ltint  (nunhar  :iud 
I  lildehrand.  I'ks2).  Onlv  a  few  of  the  Ikroa  \-ik  laike  fish  had  the  “skiiinv” 
apiiearance  of  tlic  fish  from  the  lagoon.  (  )f  the  do/cn  or  so  skinnv  lake 
Lcuc\chth\s,  which  were  c.xaiiiincd  internally,  heavv  infestation  h\-  trem.itode 
(prohahly  Dihotlirioceiilialid)  parasites  was  observed.  Rawson  t  '  bas 
noted  that  he^^•'■'•  : .  .  r  . :. 
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contrast  in  a  similar  manner  with  the  healthier  and  plumper  forms  of  the 
same  species  in  t\V(.)  C'aiiatliau  lakes.  F..Ncept  Uir  the  few  parasitized  fish, 
these  morphological  difYereiice-;  juciviile  f.airly  couclu.sive  evidence  th.at  the 
lake  p;'pulaliiin  of  the  I .riu  irlitlns  at  least  e.xisted  in  an  isohiled  state.  Since 
the  scales  of  the  I'rosof'ium  had  much  the  same  ^muwth  j^attcin  as  the  lake 
Li'iicichthys.  it  was  jissiiined  that  the  /h'o.vo/'faui  were  akso  i.solatcd. 

There  is  little  evidence  that  the  two  whiteli.'-h  species  in  the  lake  grow  at 
great  enough  rates  to  make  tectuitmeiU  tu’  individuals  initially  shorter  'dian 
ISO  milliinelers  of  any  coitse(|iicnce.  I’reliininary  e.xaniination  of  the  age 
tuid  growth  characteristics  itulicated  hy  scale  slrnclure  has  shown  that  these 
species  are  very  slow-growing^.  Se\i‘i-;d  which  had  heen  marked 

with  mnnliered  di'CS  and  ulindi  were  rec.aptinfd  after  two  week'  to  two 
month>.  >!io\\cd  little  or  no  gr>'Wtii.  If  liie  pi>ptdaiioi;s  oi  whitei:>ii  had 
keen  it  ere.ising  due  either  to  gfutli  "f  >ni:iller  iiidi\ idnals  or  to  innnigra- 
tion  the  pope.laiion  o.'iiniaiev  fr-'iii  I'l-riod  to  periiu!  would  have  gradualh'  in- 
eie.a.'vd.  I  he  data  do  not  indicate  such  a  teiulency. 

Had  the  wliiteii.'h  population-.  >;i!Tered  a  high  rate  of  niorialiiy  or  had 
nninhers  of  them  emigrated  from  the  lakia  the  popul.itii ai  e'timates  front 
perioil  to  period  uniild  h;u  e  shown  a  teiideiiey  to  decri-:ise  eon,sistentl\' ; 
again,  the  data  do  iM)t  si:!'  taniiaie  .'ueli  a  leniK  ncy.  In  pojinl.aion  i''iim:i- 
tioii'  of  tl'i.-,  kind,  ntoitalitx  (and  or  i-migratiiai  i  inu't  he  of  coiisiderahle 
magnitude  if  population  estimates  are  to  he  alVecied  apprecieddy  t  W’ohlsclilag 
and  \\'(io(iln.:ll.  I'h'o).  rndouhtedly  there  w.is  some  small  degrei-  of  mor¬ 
tality  (hiring  ih.e  sununer  among  ilie.'e  twi<  po| pulaiioU'.  .\side  front  po.-sihle 
mortality  among  fishes  which  h.ail  hcen  handled  during  inaikmg.  other  oh- 
'er\  ed  e.nises  of  inort.'dilv  were  ]>arasuism  and  the  predalor\-  .leti'x  iiies  of 
bird'.  .\o  piscivoro';>  lisli  were  oh.'er\'ed  in  the  lake  e.xcept  the  two  cliuin 
salmon,  and  they  were  in  llie  hist  stages  oi  migratio;:  wlie.i  they  eiig.i'ge  in 
no  feeding. 

.\o  direct  iiifoi  mat  it  >11  w.is  avail.ihle  to  iiulicaic  whether  or  not  tlie  re- 
l-  ase  of  m.ii  ked  indi\  iihiaK  at  the  eeiiler  oi  the  hike  i  i  'iilteil  in  tk.eir  rail' k  an 
(h'li  iliutioii  eiiliei  as  individii.ils  or  as  iiuli vidu.ils  wiiliin  raiiiloinlv  nio\ing 
sciiool'.  If  die  li'li  rele.isol  .it  llie  center  >  >1  tile  lake  li.el  a  leiitleiu'v  to  home 
t>i  the  north  end  of  the  l.ike  where  they  were  I'.rsi  e.iptiire.l.  ilie  iminher  of 
leiaplured  fsli.  m.'irked  at  a  given  weekly  period.  slioiiM  h;i\e  appe.ireil  in 
liie  seine  hauls  f.'iirly  legnlarly.  .Actn.dly  iliere  wa.'  no  w elhdeiined  regn- 
l.irilv  to  the  oecurri'iice  ol  i cc-'iinure'.  .\t  the  close  of  the  se.isou  when  .i  iwo- 
d.iv  series  of  experinietilal  gill  net  sainpliug  was  e;n  rii'd  out  mar  the  west 
inlet,  it  was  iK'ied  that  the  fraction  of  feiapinres  wa^  of  the  '-iim'  m.igni- 
tiale  as  the  fraction  among  those  taki'ii  at  the  noilli  end  of  llu'  lake.  T.ikiiig 
into  aeeonnt  these  eireimistaiiees.  it  was  tissinued  th;ii  over  ;dl  llu-  saiiipliiig 
pei  ioils.  the  s.'iiiipliiig  of  the  marked  tisli  was  rea'oii.ih'y  r.iinlom. 
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The  natural  distribution  of  the  whitclishes  can  be  inferred  from  the 
frequencies  of  the  various  numhers  of  fisli  taken  in  the  difTercnt  seine  hauls. 
The  larf^e  nuniher  of  water  hauls  and  the  infrequent  lartjc  catches  indicated 
that  both  species  occurred  in  schools.  Gill  net  catches,  although  somewhat 
more  iinifonn  th.an  seine  catches,  owing  to  the  greater  length  of  time  of  a 
gill  net  set.  likewise  jirovided  evidence  c^f  schooling.  The  sporadic  occurrence 
(d'  schools  at  the  north  end  of  the  lake  implied  that  the  schools  must  have 
I'ecii  relatively  tew  and  wide-ranging,  so  th.at  over  the  season  the  entire  popu¬ 
lation  of  each  species  could  have  been  exposed  to  the  gear  on  a  more  or  less 
random  basis. 

The  Prosof'iion  estimate  of  fish  seems  very  low.  If  this  estimate 
were  biased  downwarrl,  the  most  likely  explanation  would  he  that  a  dis- 
proportioii.'itely  large  immher  of  recaptures  were  made.  Some  evidence  for 
this  explanatii'ii  might  he  based  u|'.on  the  recaptured  fish  trom  a  group  of  10 
/Vo.so/'i'kjm  which  were  marked  with  numbered  discs  on  July  15;  two  of 
these  were  recaptured  and  lemoved  on  July  31  l  these  recaptures  were  no 
counted  during  the  first  period  when  no  fish  were  considered  to  he  marked 
and  at  large)  ;  of  the  8  remaining  tagged  fish,  one  was  taken  during  the  final 
period  in  September.  ( )ne  other  Pro.<of'iu)n  marked  in  the  first  period  was 
recaptured  in  both  the  second  and  last  jieriods.  However,  there  is  no  wav 
of  deciding  (1  )  whether  the  marked  fish  were  more  vulnerable  than  the  un¬ 
marked  population  due  either  to  the  nonrandom  distribution  of  the  niarketl 
fish  or  to  their  propensity  to  he  captured  by  the  seine  or  gill  nets,  or  (2) 
whether  the  population  wtis  actually  so  small  that  fre()uent  recaptures  should 
really  he  expected. 

During  the  seining  operations  prior  to  September,  the  r.''.’io  of  Prnst<- 
f'iuii:  to  LcKciihthvs  was  0.108;  during  the  gill-netiing  operaii>  ns  in  Sep¬ 
tember  the  ratio  was  0.083.  Ij  th.e  /,i'in  iV/O/i y.\'  e-timate  •  ’  73f>  weie 

ticcepted.  and  ij  the  two  species  were  equally  vulnerable  to  the  gear,  the  Pro- 
suhitni  estimates  wduld  he  respectively  61'>  ;md  -176.  1 1  ow  ever,  the  tiekl 
ohscrvai ions  would  tend  to  sugg  st  t'.iat  the  /’ro.ve/'/mn  were  much  more 
s niner.ihie  tii.aii  io  itoili  iNp^>  oi  gitir.  sslucli  means  tliat  t!;e.-e 

latter  /'/e.vo/’i.wjji  estimates  would  he  hitised  upward.  In  a.iy  event,  the  popu¬ 
lation  of  Prose f'iiiii:  is  verv  sm.’ill.  tiiul  the  estiimite  of  18'i  is  as  good  as  anv. 

I  ui;sii-w.\'i  1  u  MsnitKY  no.ssiuti.iTii  s  ix  rni;  ai.askax  .vnerie 

While  Ikroa  vik  1  .uke  is  the  n<  rthernnii<si  lake  in  .M.ask.a  known  !■>  con¬ 
tain  a  permanent  fish  paiiuilation.  its  fishes  occur  under  wh.it  must  he  con- 
siilercd  to  he  lu'ar  minimal  conditiic.is  of  existence,  faking  hg.o  .uioiiiu 
the  slioit  summer  season,  small  populations,  slow  goiwtli  r.ate.s.  and  the  time 
necessary  for  growih  to  matnritv  u  ’r.n.M  lie  suspected  th.at  the  biological 
pnaltictien  r;"o  of  f'..-,oes  is  verv  low  in  many,  it  not  all.  lakes  .and  streams  of 
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tlie  Arctic  Alaskan  Slope.  In  lakes  farther  to  the  south  of  Point  Barrow, 
additional  species  of  whitelishes.  grayling,  and  the  more  ]Mcdatury  ]iike, 
chars,  bke  trout,  and  a  lew  other  s|>ccies  are  present.  ’I  he  iircdatory  species 
like  lake  troiu  '.'  ould  be  e.\])cctcd  to  e.xist  in  less  total  bulk  tban  the  jtlanklon- 
(eeding  whitelishes.  Pawson  (1947)  e.stiniatcd  tentatively  that  lake  trcnit 
could  be  removed  from  Lake  Atbabaska  on  a  continuing  basis  if  taken  in 
abont  one-fourth  the  hull^of  the  wliiteh.sli  species.  It  should  be  noted  that 
tile  ]>redatory  .specie.s  could  also  provide  an  excel leuL sport  fishery. 

The  foregoing  observations  along  with  a  few  notes  on  the  present  small- 
scale  E.skimo  frc.sb-w:;  fishery  may  be  utilized.as  a  basis  for  some  inter¬ 
esting  spccnlatiiin.s  abm  die  future  of  lisliery  development  in  this  region. 
Mijilcru  1’..-I;;;ii0.s  tis'fi  almost  excln.-ivelv  with  gill  nets  set  in  |.'laccs  wliere 
the  tish  tend  to  he  conceiuraicd.  as  in  rivers  or  in  narrows  between  lakes ; 
here  the  populations  are  unusually  vulnerable,  and.  upon  a  basis  of  catch-per- 
imit-cffort,  the  populations  may  erri.meously  be  assumed  to  he  large.  For  e.x- 
.Liigile.  in  Ikroa  vik  Lake  where  the  fish  were  well  distributed,  600  feet  of 
gill  nciting  caj'tured  about  one-tenth  of  the  cstimate'cr"f5Ppulations  within  a 
Week.  Some  Fskinios  apparently  have  recognized  the  possibiiity  of  over- 
tishiiig  and  have  noted  that  lakes  can  lie  fislieil  t&  tlie  point  where  returns 
become  un])ro(itahle  after  a  few  years  (Wiliiuovsky,  in  press).  Because 
ii;iiiS])ortatioii  of  ln>tli  gear  and  catch  over  the  tundra  and  tlie  mtilritiide  of 
'.ake.s  and  streams  i.s  difficult,  there  would  be  a  great  temptation  for  commer¬ 
cial  fishermen  to  lish  in  one  libation  until  small  returns  made  moving-  inipera- 
livc.  Past  experience  in  the*  lake  lisbenes  of  nortlient  Canada  has_^§|jf^yji 
-..-.ttbiit-itringent  regiiiationF'Ti'Tt-neCcS^ry^tir'ni'iifyTa'ses  to  prevent  the  use  of 
ion  iiiiu'li  gear  for  too  Imig  .at  oiic  time  at  any  one  jilace. 

Ill  northern  Alaska  this  icndercy  could  be  circumvented  if  improved 
t!  aii.'poriation  fneilitics  could  be  iLvised  in  order  that  a  li.sliery  could  move 
learbdy  alter  only  the  larger  li.--li  from  small  iiopnlatioiis  had  been  icmoved. 

I'.lficifiit  iitili/atioii  of  the  diliereiit  sjieeies  will  ipiile  jiossibly  cretitc 
jiiolilcm.s  if  lisb.eries  develop  in  tlic  ininre.  The  ^maller  .'-pecies  tan  be 
^  'Tal.eii  riiit-ifii; ly  only  by  gc.ar  w;:!;  .suedl  inc-'lio.  while  the  larger  sp-  cii  s 
would  be  reiiiovcil  large.',  before  the  tittaiimuiit  of  .-'e.xiial  matuiitv.  I’rojier 
expli  liiaiioii  I'f  the  larger  .-pecie.'  by  gear  with  larger  iiie.'-lie.N  would  leave 
d:e  'inallcr  speides  largely  iiue.xi-loiled.  .^aii>!'aciory  meibods  of  .--iuiiiltaue" 
111)-,  and  ellii'ient  iitili/atioii  of  botli  large  and  small  >]ai'ies  should  lie  detased 
and  their  elTeets  ihori niglilv  iiiider.>li>od  l.ieforc  any  haphazard  regulations 

.•lie  i!ll]"'>ed. 


St  .\IM..\UV 

The  une.X])loitcd  lish  populations  of  lkroa-\  ik  Lake  were  .-tiulied  tliiriag 
the  ice-free  summer  season  of  1''52.  In  this  moderately  large,  and  ven' 
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shallow  lake,  the  northernmost  Alaskan  lake  known  to  contain  a  |>ernianent 
fish  fauna,  there  was  at  most  about  feet  of  water  under  the  6-foot  ice 
cover  during  the  late  spring.  The  lake  contains  permanent  populations  of 
the  very  small  nine-siiiiied  stickleback  (Fun(/itius  pungithis)  and  two  white- 
fishes  (Lcucichthys  sardinella  and  Prosopium  cylindracnun).  At  least  two 
ripe  adult  salmon  {Oncorhynclius  Iccla)  had  wandered  into  the  lake  during 
the  summer. 

Spawning  of  the  Lcucichthys  sardinella  occurs  in  late  summer  or  autumn 
and  quite  possibly  under  the  ice.  Yearlings  whose  first  scales  were  forming 
were  found  just  after  tlie  melting  of  the  ice  in  laie  July  ;  they  had  apparently 
hatched  under  the  ice  during  the  previous  winter.  The  Prosopium  cylindra- 
rnnn  spawn  and  hatch  shortly  after  the  ice  melts  in  the  early  summer. 

i’ojiulation  estimates  by  the  inark-and-recapturc  method  were  made  fer 
the  two  whitefishes  who.se  fork  lengths  were  over  ISO  millimeters.  The  esti¬ 
mates  were:  L.  sardinella,  5,736  with  0.95  confidence  limits  from  3,659  to 
8,475  ;  and  P.  cylindraccutn,  only  189  with  0.95  confidence  limits  from  102 
to  441.  .Average  weight  of  each  L.  sardinella  was  about  185  grams  ;  the  esti¬ 
mated  population  weight  was  1.05^>  kilograms  (2,334  pounds).  The  average 
weight  of  each  P.  cylindraceum  was  about  434  grams;  the  c.stiiiiatc  p.opu- 
lation  weight  was  82  kilograms  (181  poutids). 

The  po.ssibilities  and  atiticipated  problems  of  future  fresh-water  lishern’ 
development  on  the  .Ala.^kan  Arctic  Slope  are  discussed. 
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ARCTIC  I’.RVORIIVTl'lS^ 

W’lI.I.lAM  C.\MI’Iii:i.l,  STKKKt: 

Stanford  University 

Extensive  field  Uiulies  on  arctic  Ainericati  liryophytcs  during  tlie  past 
few  years  have  provided  materials  and  data  contrilniting  to  several  fields 
cl  botany,  and  one  could  speak  at  length  on  the  contrihiititnis  of  arctic  hry- 
oi(>^y  to  jilant  sucinltigy.  aiitoect)lo^y.  pliytooco^rapliy.  and  s\  st('inatic  bot¬ 
any,  ainoip”  otbets.  Because  of  the  restrictions  on  time  and  space  inherent  in 
an\  .ivmposiiim,  bouever,  the  present  jiaper  will  be  limited  to  the  field  of 
piant  t^eo^rapliy,  with  sjiecial  reference  to  a  sinole  imiHirtant  floristic  element. 

Mosses  and  liverworts  lurnish  excellent  material  for  studies  on  the  ,uco- 
prajiliical  distribution  of  plants,  a  fact  rei|uiring  cmjihatic  restatement  be¬ 
cause  it  has  been  obscured  by  too  common  a  belief  among  botanists  that  the 
loiigdiveil.  wind-borne  s]roies  of  bryophytes  give  them  a  nearly  universal 
distribution.  Just  as  in  higher  plants,  some  weedy  and  ubi(|uitous  species — 
Futniiii!  hyfiromrtrica  and  Mayrlunitia  p(>lyinnrf>ha  are  excellent  examples 
--have  followetl  man  and  the  effects  of  his  civilization  to  all  parts  of  the  world. 
Wdieii  one  looks  beyond  the  weedy  species,  however,  he  finds  that  bryophytes 
demonstrate  as  characteristic  patterns  of  distribution  as  the  liightr  iilants, 
although  not  necessarily  the  same  ones. 

In  a  region  where  the  number  of  species  of  hryonhyles  app.roaches  or 
equals  that  of  higher  plants,  arctic  mosses  aiul  liverworts  acquire  correspoiui- 
inglv  greater  iminirtance  as  materials  for  the  investigation  of  phy'.ogco- 
grajihic  iiroblems.  Xevertheless,  even  the  simide  and  basic  problem  of 
whether  or  not  a  strictly  arctic  bryoiiliyte  flora  or  iloristic  element  really  ex¬ 
ists  has  been  debated  up  to  the  jnesent  day.  'Fhe  opinion  still  prev.-iii-;  f.lrat 
the  whole  hryoirhyte  flora  of  the  arctic  regions  is  only  an  attenuated  and 
dejiauperate  temjierate  flora,  com|<osed  ot  those  few  sj'ecios  that  have  been 
able  to  endure  the  rigors  of  the  northernmost  climates  ;  and  that  anv  “specics“ 
seeminglv  restricted  to  the  arctic  are  only  reduced  or  adaptive  forms  too 
closely  rehited  to  their  counterparts  in  temirerate  climates  for  full  sjrecific  sta¬ 
tus.  Imjilicit  in  this  negativistic  idea,  of  ciause.  i.s  the  belief  th.nt  :irctic  mosses 
tiud  hepatics  :ire  materialiy  reduced  in  size  because  of  their  unfav'.rahle  en- 
\ironment  (.Meykm,  I'MO).  'fhe  basis  for  this  idea  is  not  Irani  tr)  find,  since 
enough  of  ih.e  arctic  species  actually  are  leduceal  temirer.ate  s])ecies  to  con- 

“  Cuiitrilnition  No.  l‘A.b8  from  tire  .•\rcuc  Resoarcli  l.,nt)oratory,  tirestMUcd  in  partial 
fiiHiltincnt  ot  Coiuract  N6onr-25!.34  with  tlic  Ofltcc  of  Naval  Re'scarcli. 
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firiii  a  strpcrltcial  fuiprcs^iofi,  llowcvcr,  carefal  fit'itl  i-tudics  in  aixiic;  Ainer- 
iva,  ai  least,  souii  reveal  a,  rtcU  teyok'ukal  lt<^ra  lliat  crjnsist*;  cif  scvtjfal 
eli>tinct  etcmcius  «>i  c«nvsitkfable  phyrogetigrapllical  sigitilicance.  iri 

fukliii"!)  the  group  of  widelv  tltetrihuietlv  s-onictimcs  weedy  speck's,  11«s 
disettssioii  vvilt  ceptei  rm  one  of  tiie  wtAsfc  iptcreslftig  of  these  llorijitfc  elcincnts* 
winch  CHiisista  of  a  grearp  ot  specks  etTfleipfe  {o  tlvc  arrtk  regfojis,  atid  leiiieh 
itiaives  up  aftniit  10  percent  ■of  the  toltd  riurtihef  u(  species  of  liryoplnies  there, 

I’irese  species  staiiil  v>ut  front  the  weedy  group  liecause  lliey  ate  not  at 
ail  reducce]  physii)I(>gical  states  r<r  ecological  varitics  I'f  species  w  htch  iloiirlsTi 
lartlier  soutlt.  h'urtiieriiTorc^  titese  truly  arclte  species  arc  not  cvett  closely 
H luted  systC’UUitlc.'uly  =>'5'  |•hyi^^ge^Iel^caily  tn  tlaise  t>i  tefnp>crate  tegr-Us 
Inijuedfaieiy  to  the  '^otitfi,  and  n.}o>t  certainly  havciud  ciul^iid  ilircefly  freni 
them  hluite  the  •jpposue,  they  may  he  eejUvd  Uv  size  to»  or  evert  larger  than, 
tlic  Hi'Cvies  of  tl"'  sairie  getier.a  occnjtrhig  in  ui-ire  temptTate  clhnates,  J'or 
ixamfite.  the  ai'Ctic  Speeics;,  ^•hf/ucojeirtUitt.rtamThin/nnf,  Scagnrtfa  /fornmmvlL 
flu-iifum,  irohU'm.  atul  Trji'fuistomHtn  cfispuictht!^ 

Hitiiit  areetn  mg  the  largest  Itj  ihetf  genera. 

Onr  rdaidve  Jack  of  hie.n^ ledge,  ui  the  past*  eoticerulng  even  the  larger 
fi-aiures  id  the  .gcngraphk'ul  vlktrthtuion  ta‘  arctic  hryophytes  art>se  not  from, 
i\  tack  of  wu,cr(*sj  iji  c»r  apprecfatiim  of  the  prohlctns  iiivolved,  Iwt  simply 
frou);  the  tew  availahlc  data  upon  vvltkit  hase  generalizalioiis.  3h'St  of 
tfiC  early  exploring  and  scarclimg  cxpcdiiioiis  fmwd  ihenisdvcs  iat  too  of- 
<aifive<l  with  tlie  |)ressing  j)fo'Tdem>  of  ira\‘el  and  of  .survival  to  Colkci  plants 
in  arty  {{uaiuitV,,  cspedally  tlse  lower  oncst  Some  coileetions*  furth.ernxorc. 
ahcT  heing  'made  hatl  to  he  aliaudtJiWd  at  were  l<tst  \vhei!  ^hip.s  were  caitght 
in  tire  kc.  tons.erftienily,  untit  the  p)ast  two  <lecades.  only  a  few  c-Xtettsive 
«  nd  re|j'reseinati\e  cotlcciions  had  hceu  made  in  the  nm;ih  pctlar  reg>ort.<,  of 
which  the  ino.'it  iinjunanm  came  from  dpii/hrrgett  (Jh-rggrert,  id'/ a),  from 
Siherla  ('1  and  berg  and  Arutdl.  hSkl.  IHWk  Artielh  I*'!,!,,  I'dl7i.  and  from 
afetk  fniiada  fKrnwn,  Ihidy-  Ifryhn,  ft'illiams,  l'.i21 1  5iee:nc  pd-typ 
^■tlh^!a^U^al  reports  based  on  fpoe  fetv  large  .coik*eiton>  tif  heytipPiytes  troni’ 
wide!)-  srpiiraied  areas,  especially  Atheria  irtid  uorthernmost  CaSiatla,  hav-e 
tended  to  gi  ve  an  iinpre.ssion  ihat  tw'o  or  niorc  ceiu'er."^  or  speciaiion  or  areas 
of  cjidcirtistii  exist  in:  arctic  regions  (Herzog,  t'HoL  The  recout  concept  that 
a  ndattvely  large,  tiidy  aretki  eketsmpotav'  elemetU  exists  { 5teere,  Id-IH-: 
I  't'r.sson,,  19-i9)  was  made  possihle  through  the  avaiUdnlfty  of  tiuich  new  ma- 
ttn'ial  trr>iu  airctic  ami  suharctic  Atnerka.  atid  the  roulfani  thstaivefy  tlult 
ruariy  of  itie  specks  previously  cotisidered  to  he  endeilik  to  local  areas  really 
have  atmtch  wnder  geographic  rangfu  Thu  apparent  rrclmess  of  kllc,smcre 
idaiid  and  of  Siberia  in  enflemirt  species,  which  in  my  opinkm  helortg  to 
the circTimpolar iifciic  llorisik  eieinertt:pusl  dtscV{S,->cuL brings  noiahcnj  Alaska 
and  rtorthwcslern  Canada  kito  sharp  incus  as  an  area  of  crlticid  ge*  graplii- 
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cal  significance,  where  these  “hicentric”  species  might  be  expected  to  find  a 
common  meeting  place. 

The  outstanding  support  given  to  my  work  by  the  Arctic  Research  Lab¬ 
oratory  during  the  summers  of  1951  and  1952,  especially  in  providing  excel¬ 
lent  facilities  for  travel,  enabled  me  to  visit  many  widely  separated  areas  on 
the  north  .slope  of  the  Brooks  Range.  Through  this  intensive  field  work,  fol¬ 
lowing  field  seasons  in  the  region  of  Great  Bear  Lake  and  Coppermine  in  arc¬ 
tic  Canada  (1948),  and  in  central  Alaska  (1949),  a  region  that  was  almost 
completely  unknown  bryologically  has  now  provided  us  with  abundant  evi¬ 
dence  to  support  the  thesis  that  a  group  of  strictly  arctic  Iiryophvtes  extends 
more  or  less  continuously  around  the  north  polar  basin.  In  fact,  this  region 
proved  to  ()e  so  unexpectedly  ricli  in  endemic  arctic  species,  .some  of  them  new 
to  science,  that  it  may  very  well  have  been  a  primary  center  for  the  dissemina¬ 
tion  of  hryophytes  during  interglacial  and  po.st-lMeistocenc  times,  as  llulten 
(1*^37)  has  indicated  for  higher  plants. 

As  examples  of  the  kind  of  data  used  in  e.stablishing  a  floristic  element 
and  its  distribution,  th.e  geographical  ranges  of  a  few  representative  species 
of  arctic  mosses  and  hepatics,  out  of  many  studied,  will  be  discussed  and  illus¬ 
trated. 


1.  AuUicot)tnli(ni  (jcuntina/utn  (Lindb.  (!v  Arn.)  Paris  (Map  1).  This 
h.andsome  species,  the  largest  in  its  genus,  was  originally  described  from  the 
valley  of  the  Jenisei  River  in  Siberia  (Lindlierg  vV  .•\rtiell.  1890),  and  later 
reported  from  the  valley  of  the  Lena  (Arnell,  1913).  First  rediscovered  on 
Ellesmere  Island  (  Bryhn,  HX)7).  it  is  now  known  to  have  a  rather  wide  dis¬ 
tribution  in  arctic  Canada:  on  Baffin  Island  (Steerc.  1948),  Cornwallis 
Island  (Steere,  1951),  and  Prince  Patrick  Island  (Steere,  1953^);  in  the 
Yukon  'I'erritory  (Persson,  1946),  and  at  Great  Bear  Lake  and  Coppermine, 
Northwest  Territories  (Stecrc.  ined.).  Reported  from  several  localities  in 
central  Ala.sl;a  (I’ersson,  1946),  this  moss  has  been  found  to  be  very  com¬ 
mon  on  the  north  slope  of  the  Brooks  Range  (Steere,  ined.). 


2.  !'  lifiiVtd  Hrvli 


(Map  2).  i'or  nearly  a  lialf  eeninry  this  spe¬ 


cies  was  known  only  from  the  single  original  collection  made  on  the  southern 
end  of  iiillcsnicre  Island  (Bryhn.  190?)  until  it  was  recently  reported  from 
Southampton  Island  (.Steere.  1949)  and  from  Greenland  (Mohnen.  1952). 
It  can  he  recorded  here  as  occuring  in  several  widely  separated  localities 
in  arctic  Alaska,  from  the  headwaters  of  the  I'tukok  River  in  tlie  west  to 
Schrader  Lake  in  the  east  (.Steere,  imvi.).  h'urthermore,  on  the  basis  of  its 
known  distribution,  th.is  inoss  will  certainly  be  found  to  occur  in  .Siberia. 


3.  Kadula  prolijcrn  .Arnell  (Map  3).  Originally  described  from  the 
mouth  of  th.e  Lena  River,  Siberia  (Arnell,  1913),  and  soon  thereafter  re¬ 
ported  from  Taimyr  Island  (Arnell,  1917),  this  hepatic  was  reported  from 
North  America  relatively  recently  (Steere,  1941  ;  Castle,  19.50),  from  a 
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fiaginnitarv  specimen  cofleclot!  hy  Diitiily  at  ( '‘ppennine,  wlicrc  my  own 
licUl  work  ill  '‘^48  latiT  showed  it  to  he  alnindam.  ro)>.Miii  has  rc- 

|v'rle<l  this  >pei-ii-s  from  Alaska,  and  my  stiulies  on  die  aretic  slope  i  learly 
dcniuiistrau*  tliat  this  is  a  eommon  and  aluindaiu  s[urios  in  tiie  footliiil  and 
montane  provinces  of  the  Brooks  Range  (  Slcei  e.  iih  J.}. 

4.  Scatiittia  simnumsii  Brylm  (Maj)  4’h  This  handsonic  hepatic  was 
described  I'riginally  from  two  adjacent  localities  at  the  sonthern  cmi  (»{ 
lilk'.^inere  Island  (lirylm.  1!*07),  and  tluai  first  rediscovered  in  Siberia,  at 
Cape  Tscheljuskiii  on  the  Taimyr  I'eihn.sida  i  lirothenis,  1910).  and  at 
Kumachsur  and  Bnlknr  near  the  nionih  «'f  the  Lena  River  (Ariiell.  l'T3i. 
Sliil  later,  it  was  rei">ried  fr.-m  Spil/.l»eri:en  aiul  from  arctic  l*'inl:ind  (  Btich. 
1934).  \'ery  recently,  the  disciAciy  t>i  tliis  species  at  a  .'second,  loc.aliiy  in 
Xoftli  Arnciica.  in  I  'ngava.  nonliernmost  Qnehec,  has  been  announced  (Ar- 
noil.  I'CO).  h'loin  personal  experience.  I  can  report  that  this  conspicnon- 
and  ca.sily  recognized  siiecies  occurs  in  ahimdancc  at  Great  Hear  I.akc  and  at 
Coppermine  in  aretic  Caua<ia.  and  at  nearly  every  locality  visiied  in  the  vari¬ 
ous  physiographic  provinces  on  the  north  slope  of  the  Brooks  Range  in 
Alaska. 

5.  Lc^kolca  /rv.'i  I’ersStin  (Map  5L  'I'liis  phytogcographically  imer- 
csting  hepatic  is  known  in  the  literainre  only  from  the  single  original  sjieci- 
r.ien,  from  St.  Lawrence  Island.  Alaska  ( Ferssuip  1946).  However.  I  have 
(dllceted  it.  with  perianth';  and  siioropln  les.  in  a  iialt  dn.7en  widely  separated 
localities  in  arctic  Alaska.  fi<»m  near  tlie  headwaters  '<f  the  Ctnkok  l^iver  in 
the  west  to  Sclira<!er  Lake.  n»-ar  Mount  Chamhcrliii.  in  the  east.  Fiirthcr- 
iiiorc,  .Mime  very  .small  and  fragmeniarv  .specimens  segregai-d  from  a  c>'l- 
Iccii'iii  iii  S flhiijiiuin  iiKule  at  ChesierfieUl  Inlet,  on  ihe  we.-.i  coa.st  of  liiulsoii 
Bay  in  I93f>  hy  l)unli><  -.vere  very  recently  identified  with  this  specie.-',  thus 
giving  it  a  miicli  more  exteii'-ive  rangi-,  ijnitc  par.'illel  wiili  that  of  the  other 
ai'clii  speeies  discussed  heiae  In  view  of  tins  tapid  exp.aiision  of  ih.e  known 
geographic  range  <if  a  species  de.svLlM.l  as  recently  as  B>-!6.  it  seenm  per¬ 
fectly  .saf<‘  to  |jredict  ;i  siill  wider  oeeiireiice.  when  hrvologi.sts  have  k.ad  ;i 
eliance  lo  make  field  studies  in  other  arctie  .areas.  es]H-ei;illy  Siheriti. 

6.  miinliit  f'oltiris  (  Hesggren )  Hagen  iM.ap  fu.  (friginally  descvihei! 
frcini  several  collceiioiis  naun  .'spiizhcrgen  i  Beiggia  ii.  187,a),  this  ino.v<  Is 
now  known  to  oceur  ill  aretic  Xorway,  Sweden.  ;md  hinl.iiid  (  leiisdi,  B'  V'). 
Ill  arctic  Amciiea,  it  was  e.irly  tli.Maivci ed  on  hillesniere  Isknnl  (Hrvlin, 
|9()7),  reciiitl\  re[)orted  fioiii  koniwallis  Isl.and  { .'aici  i a-,  I'f.sl  ).  ami  is  now 
know  n  lo  he  widely  disirihitied  in  noitheriimosi  .Aktska  ( .'•tee’e.  oivd.i.  Tlie 
geugra])hic  range  of  ihi.s  specie.s  will  surely  he  greatly  exicatiletl,  with  fiiiilier 
field  Work, 

7.  Cindidiuni  li\tijoli'.iiv  Limlh..  (  .Map  7 ).  This,  one  ,.f  du-  most  he.nili- 
Ini  and  ihe  hest-eh;ir.ae1ei  i/.ed  species  ui  a  line  geiiiis.  wtis  origan:i!i\  pi  opo.-.t  tl 
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viously  discussed,  yet,  like  them,  occurring  with  greatest  frequency  within 
the  Arctic  Circle,  In  a  way,  the  generalized  distribution  of  this  species  (origi¬ 
nally  described  from  Greenland)  sums  up  the  much  more  restricted  and 
localized  ranges  of  the  much  rarer  .species  just  listed,  and  indicates  one  (jf  the 
types  of  evidence  used  in  predicting  their  discovery  in  other  regions. 

To  dirterent  degrees,  then,  the  geographical  distributions  of  the  species 
discussed  here  give  evidence  that  no  matter  where  its  type  locality,  each  one 
belongs  to  the  same  grouj)  of  arctic  species  that  are  restricted  to  an  area 
around  the  polar  ocean  and  occurring  with  gre.atest  frequency  within  the 
Arctic  Circle.  Just  as  with  flowering  plants  (HultcMi,  1937),  arctic  Alaska 
seems  to  be  the  region  richest  in  these  species,  which  become  progressively 
less  common  or  disappear  altogether  in  norlhernmost  Scan(liua\ia  on  the 
west  and  in  Greenland  to  the  east.  Ifecause  of  the  remarkable  p.•'.ralleli^m 
shown  in  the  known  ranges  of  the  species  as  outlined  above,  it  becumes  pos¬ 
sible  to  predict  the  remainder  of  their  distribution  by  extension  or  extrapo¬ 
lation  :  that  is,  it  an  arc  matches  part  of  a  circle,  it  must  belong  to  that  circle. 
'I  hus  some  species  are  known  from  Siberia  only  ;  others  are  known  from 
Greenlai'.d  and  the  eastern  arctic  islands  of  Canada:  whereas  still  others  are 
known  only  from  arctic  Alaska  and  ticar-by  areas.  Yet  we  can  predict  that 
careful  cxploratit'n  by  bryologi^ts  will  fdl  out  most  or  all  t'f  the  circle.  Otiior 
truly  arctic  species,  most  of  them  now  iliscovered  in  Alaska,  that  exhibit  this 
characteristic  geogr.aphic  ilistribution  are:  ( 1  !e|>:itic.ae')  lu\i-hiloj'Iio~ii\  I'in- 
stcadii.  M Siiltltu'rijii,  Mt’.rxuf't'Ha  awlira.  Phuiiochihi  ivetiru,  Scii- 
f'anta  hy^'crhorra .  S.  L'utoini.  S.  sf'itcht'ri/t'ii.us.  (  Musci)  .-hulri-iu'a  oI'fl7\tt(i. 
Ihxohrittonia  ('i'Uucxda,  (ct.  Steere,  1953(jC  Ccrotodon  lictcrophydus,  Cincli- 
diittn  ar<  /ii  inii,  ('.  sitl'roluiiduni.  CUiopodiMui  .uihpdifrruin.  Cyiuhhiuliutn  ol- 
pcstre,  /)i,f/fr/u'ioM  luu/iin,  Dri' piinocladas  hiullus,  I).  Utlljollus.  D.  lycopodi- 
oidcs.  I'issidi'ns  orctii  us,  11  ytjrohypnuvi  polarr,  Lycllin  aspi'rtt,  Miiimii  I'lyttii. 
M.  li\iiiciiapli\lli(ii\,  Polytriihuin  liypcrhorcuMi,  l\<ili)pil:<in  CiJzijoliuiii,  P. 
laxz'ii/iitiiiii,  'PnchostoiniiMi  cuspiddllssiniin)!.  in.any  .species  in  the  complex 
r  firvKut.  as  well  a.^  at  least  oi.e  new  genus  .ind  several  new  and  as  vet 
unde.scribed  species. 

Xow  that  the  existence  of  a  .sub.stantial  group  of  arctic  bryophytes  has 
been  established  with  cert.ainty,  the  next  question  of  basic  phytogeographical 
importance  concerns  its<df  with  the  origin  and  the  .age  of  this  lloristic  element. 
In  mv  opinion,  these  species  demonstrating  so  restricted  a  di.stribution  in 
circumpolar  areas  .are  very  ancient  ones,  .apparently  widely  di.sti  ibuted  in 
wanner  prc-lMeistcjceiie  or  interglacial  climates,  which  havt'  ftiund  refuge  in 
the  far  north,  where  their  surviv.il  has  been  permitted  by  the  generally  scant 
precipitation  and  the  resultant  lack  of  large-scale  or  continental  glaciation. 
'I'liis  opinion  can  be  supported  by  .several  types  of  evidence,  as  follows;  (1) 
Most  <jf  the  trnly  arctic  species  of  mosses  and  hepatics  seem  to  hare  no  close 
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relatives  at  all,  and  in  their  lack  of  variability  and  their  evolutionary  isola¬ 
tion,  as  illustrated  by  an  unusually  large  proportion  of  small  or  monotypic 
endemic  genera  (Bryobrittonia,  Mcsoptychia,  Ilaplodon,  Ciuclidium,  etc.), 
they  clearly  reflect  a  very  ancient  origin.  (2)  These  species  show  no  close 
relationship  lo  those  of  temperate  regions  immediately  south  of  their  present 
range,  and  certainly  have  not  evolved  directly  from  them,  as  we  would  ex¬ 
pect  modern  sjK'cies  to  have  done.  This  geographic  isolation  seems  as  sig¬ 
nificant  of  great  age  as  the  genetic  i.solation.  (3)  The  closest  relatives  of  these 
species,  where  they  exist,  occur  in  very  distant  parts  of  the  world,  usually 
in  the  southern  heinisphcre,  which,  are  cliaracterized  by  ancient  and  primiMve 
floras,  a  further  indication  of  antiquity.  .Vn  excellent  examide  is  Rudula 
prolijcra  (see  Map  3).  a  member  of  the  small  and  distinctive  section  .dnioitK- 
losac  of  th.e  suhgenus  Acroradula,  which,  fortunately  for  our  purpose  here, 
bias  just  been  revised  critically  (Castle.  1950).  The  only  other  known  species 
in  this  section  arc  R.  uvijt'ra  Tayl.,  of  New  Zealand,  R.  awcutuloui  Mitt.,  of 
Japan  and  Fiji.  R.  jornwsa  (.Meissn.f  Xees,  of  “java,  Celebes,  Si.matra, 
Ceylon,  .XmlKiina,  Samoa.  Tahiti.  New  Caledonia,  and  the  F'iji  Islands,” 
R.  scoriosa  Mitt.,  of  Fiji,  and  R.  novat'-gHinai'  Steph.,  of  New  Guinea  (Map 
1 1 ).  .Another  example  is  l.cpicoh'ti  fryei  Persson  (  see  Map  5),  a  mcniher  of 
a  somewhat  heterogeneous  and  perhaps  polyjdivlctic  genus  as  defined  at  the 
moment.  In  Ins  Species  Ilepaliearuw,  Stephani  (1909,  1922)  listed  13  spe- 
ctes  of  Lepieolea,  of  which  all  are  not  necessarily  valid.  However,  regardless 
of  their  specific  status,  the  geographic  distribution  of  the.se  species  may  he 
considered  independently,  thereby  .shedding  a  good  deal  of  light  on  the  point 
at  issue  here  (Map  12).  Stephani  lists  Lepicoleo  teres  Steph.,  and  L.  qimdri- 
Licimcta  Sull.,  friun  huegia  :  L.  scolopendra  (  Hook.)  Dum.,  of  Xcw  Zealand, 
Tasmania,  C.)ceania,  and  h'orino.sa  ;  L.  oeliroleuco  (  Sprung.)  Siirnce  of  ."^outh 
.Africa,  I’razil,  Chile.  Patagonia,  h'negia,  and  .Mexico;  L.  pndnesa  ('ra\I.) 
.^l)ruce  of  Colombia,  iwuador,  and  Holivia  ;  I.  ludi-eieiisis  .^tepli.  and  /.. 
herzogiana  .Steph.,  of  Bolivia;  L.  lorie.na  Steph.,  of  Xcw  (iiiinea,  /..  hnigi- 
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and  /..  jhitcidti  Steph..  of  java  ;  and  L.  georgica  .Steph.,  of  the  antarctic  island 
of  South  Georgia  (.Map  12).  Other  species  of  Lepieolea,  described  more 
recentlv,  are  L.  rauu  ntifissa  Herzog  from  Bolivi;i.  and  /,.  .o'ni,  iieinr  Herzog 
from  lava.  In  a  recent  discussion  of  the  tli.stribution  I'.atterns  of  1  l<-p;itic;ie 
in  South  America,  h'ulford  (l‘>51)  characterized  Lepieolea  .is  follows,  "The 
genus  is  of  southern  origin  and  belongs  lo  a  primitive  family,’'  a  conclusion 
which  seems  to  me  to  he  ine.scapahle,  in  s|>ite  of  the  single  anomalous  .arciic 
species,  L.  jryei.  hurtlier  c\  idence  is  given  by  the  fact  tli.at  the  closest  rel.a- 
tives  of  l■lntilr{a  pularis  Hrybn  seem  to  be  /■'.  aequideiis  I.indb.,  of  the  I'.m- 
casns.  /•'.  L'ijsbwirensis  of  Kaslitnir,  and  /•'.  ereetiiiseiild  Mitt.,  of  Chile  (  Bro- 
tlierus,  l‘>2-}  ).  .A  still  unde.Ncribed  species  of  I'orelUi  trom  the  lie.id waters  of 
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the  Utiikok  River,  the  Dc  Long  Mountains  toward  the  western  end  ot  the 
Brooks  Range,  is  most  closely  related  to  a  species  from  the  Chinese  province 
ot  Shen-Si,  in  the  latitude  of  San  Francisco,  and  these  two  species  differ  so 
fundamentally  from  the  remainder  of  the  genus  that  they  are  almost  certain 
to  be  recognized  as  a  separate  genus  when  the  reproductive  structures  arc 
eventually  found.  A  new  species  of  the  genus  Lt  jcinxca,  or  of  some  related 
genus  of  very  tropical  affinities,  repeats  this  same  pattern. 

An  interesting  ecological  sidelight  on  the  age  of  these  species  is  given 
by  the  fact  that  several  of  the  species  of  arctic  hepatics  occurring  in  open 
tundra  belong  to  genera  of  markedly  tropical  distribution  and  that  arc  nor¬ 
mally  restricted  in  their  habitat  to  the  trunks  of  trees  (  RoJuUj,  Porclla,  two 
^pecic^  of  Frullanin,  Lt'jcuiu'a ).  AltliDugh  si'ycnilations  are  as  unsafe  as  they 
arc  fascinating,  we  can  perhaps  think  in  terms  of  a  bark-inhabiting  series 
of  hepatics  that  persisted  after  the  trees  disappeared,  through  a  gradual  ad¬ 
justment  to  climatic  changes.  Fiii  thermore.  the  tundra  tii.ssocks  present 
ecological  conditions  surprisingly  jiarallel  to  those  of  tree  hark,  since  in  a 
region  of  low  precipitation  and  of  high  insolation  during  the  growing  season 
tl'.ey  are  essentially  xeric.  (jl)taining  water  only  occasionally  from  rains  or 
fogs.  Furthermore,  like  hark,  they  arc  very  poor  in  minerals  and  in  nitrogen 
sources. 

It  would  not  retpiire  too  great  a  stretch,  of  the  imagiu.iti"n  tt'  postulate 
that  we  are  dealing  with  the  la.-.t  rcmn.mts  of  a  .videly  distributed  Tertiary 
or  interglacial  flora  th.it  originated  in  some  far  distant  area,  probably  in  the 
southern  hemispliere.  ;md  that  has  now  been  restricted  to  the  arctic  regions 
!)V  the  ilestructive  activities  of  coiuincntal  glaciations  at  lower  latitudes,  as 


well  as  by  the  succc.>s  in  competition  of  more  rapidly  speciating  genera  and 
of  \'()ungir  and  more  aggressive  s;>ecies  there.  'Tlu*  identilication  of  Cin- 
itijitini  ItilijtilitDii,  one  of  the  species  now  most  narrowly  restricted  in  its 
liistriluition  to  the  high  arctic  regions,  in  fossil  coiulition  in  Denmark,  in 
I’leistocenc  deposits  (llesselbo.  I'MD),  offers  us  excellent  corollary  eviilence 
of  ilie  wilier  di-stribulion  of  the  truly  arclic  sj'<‘cicc  during  i 'leisiocone  times. 
The  concept  of  the  persi.stencc  of  biyoplivUcs  '.luring  raid  through  the  Pieisto- 
1 1  lie  epoch,  in  unglaciated  refiigia.  has  now  !;een  rather  widely  accepted 
((jams.  P,).12;  Steere,  1P37  ;  Midler,  I'b^l  ;  1  .ove,  Pb^.D.  burthermore.  most 
of  the  species  of  hryopliytes  discoveied  in  Pliocene  ilcposits  ;ire  still  liciiig 


-'pecies. 

It  .should  he  emphasized  that  otir  knowledge  of  arctie  lu  voph.vtes  is  still 
too  incomplete  to  draw  any  final  and  detailed  conclusions  on  tticir  geograplii- 
I  al  ranges  and  geologic.al  history,  since  too  m.my  of  the  paltei  iis  of  disirilm- 
tion  recognized  so  far — and  reported  here— may  refleet  the  .iccident  of 
distribution  of  collectors  rtither  than  that  of  liryopliytos.  Xonetlieless.  it 
is  possible  to  make  several  generalizations,  in  sunuitary;  (1)  'There  is  a 
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truly  arctic  floristic  clcmoiit  of  mosses  and  hcpatics.  (2)  This  elcmcMit  is 
apparently  cireimijiolar  in  its  presest  distrihution  rather  than  heinc;  restricted 
to  two  or  more  isolated  centers  of  specialion.  (3)  'I  he  most  typically  aietie 
species  at  present  are  siirvivi>rs  of  a  wi<les])read  I’ertiary  ((.ir  warm  inter¬ 
glacial)  llora,  as  indicated  hy  (<i)  the  ntorphologica!  and  gcnetical  distinctness 
of  the  si)ecies  from  any  other  living  ones,  (/>)  their  taxonomic  relationshij)  to 
species  of  Ocea  a.  tropical  Asia,  and  America  instead  of  to  species  of  the 
north  temperate  regions  ((W  even  northern  tropical  tegions),  and  (c)  their 
very  wide  present-day  gec'graphical  distribution  in  north  ])olar  regions,  some¬ 
thing  very  diftictih  to  explain  on  any  theory  of  foot-by-foot  progression  of 
vegetation  during  the  relatively  brief  post-rieistocene  times. 


A  c  K  N  o  \v  L  i:  1 )  n  M I :  N  T  s 

In  closing,  I  wish,  to,  ackr.owlcdge  with  deep  apjireciation  the  stipport 
given  so  generously  to  my  work  by  tbe  .Arctic  Kesearcb  Laboratory,  under 
the  terms  of  a  contract  bciween  the  OlVice  of  Xava!  Research  and  Stanford 
University.  To  mv  old  friend  and  colleague.  Dr.  Ira  L.  W'iggitis,  professor 
of  biology  at  Statiford  L'niversity  and  Scientific  Director  of  the  .Arctic  Re¬ 
search  Laboratory.  1  owe  a  very  special  debt  of  gratitude  tor  tmteh  profes¬ 
sional  atul  personal  help. 
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.Map  11.  1  ho  world  distributinn  of  the  genus  Kiulula,  subgcmis  Acrora<lula,  section 
.1  iiu'iituliisar.  1.  A’,  prolifcra  .Arnell  (the  extent  of  this  range  is  exaggerated 
!)y  the  tli.stortiuii  inherent  in  the  projections;  see  .Map  3h  2.  !\.  nfir'crci  Tayl. 
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Map  12.  The  ssorld  distribution  of  the  genus  Lcpii  oh  a.  1.  A.  /ryci  Pcrss>>n  (see  Map  5). 
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5.  A.  o('hroli-iua  (Spreng.)  Spruce.  0.  A.  pntinosa  (.Tayl.)  Spruce.  7.  A.  boli- 
•x  ii'iisis  .Steph.  S.  A.  Iwrcoguma  Steph.  9.  A.  rt»>tc>iliji.;s.i  llerz.  10.  A.  loriana 
Steph.  1 1.  A. Stepli.  12.  A.  (lAnorniir  Steph.  13.  A. /ijiu  Nees.  14.  A. 
//ni  l  .Steph.  1.^.  /..  simpli.  fi'r  llerz.  1().  A.  gi'otgi.a  Steph. 


SOME  ASPECTS  OF  THE  ECOLOGY  OF  THE  BARROW 
GROUND  SQUIRREL.  ClTliLLUS  PARRYl  BARROIV ENSIS* 

Wll.I.lAM  \'.  MaYMR 
Univcrsily  of  Souihn  n  Calife)riiia 

Exploratory  field  work  was  conducted  hy  the  author  from  the  Arctic 
Research  I.ahoratory  base  at  Point  Barrow,  Alaska,  from  12  July  to  28 
August  1951.  Ground  squirrel  colonies  were  studied  at  three  different  lo¬ 
calities  in  U.S.  Xaval  Petroleum  Reserve  Xo.  4  :  (a)  in  the  vicinity  of  the 
Meade  River.  46  miles  .south  ot  Point  Barrow  (July  17-25),  (/>)  an  aban¬ 
doned  oil  camp  at  F.ast  Oumalik,  approximately  1 10  miles  south  of  Point 
Barrow  (July  31-August  7).  and  (c)  Teshekpuk  Lake,  approximately  115 
miles  east  of  Point  Barrow  (August  18-24).  The  following  summer  the 
author  and  two  graduate  students  from  the  University  of  Soutlu'rn  Cali¬ 
fornia,  Edward  4'.  Roche  and  Roy  G.  R(.<hinson.  Jr.,  concentrated  their  ob¬ 
servations  on  one  particular  ground  squinel  coKmy  IcK'ated  <'.n  the  south 
hank  of  the  Meade  River.  Father  one  or  two  observers  were  present  con¬ 
tinuously  from  7  May  to  (t  October  Pb^2.  Mr.  Robin.son  observed  from  May 
to  .August,  the  author  from  June  to  .August,  and  Mr.  Roche  from  Inly  to 
October. 

'I'he  held  studies  were  supplemented  by  laboratory  oh.scrvation  of  a  group 
of  10  captive  squirrels  which  was  brought  to  the  1  'niversity  of  Southern 
California  by  the  author  in  the  fall  of  I'kSl  and  which  inc. eased  in  uumher 
to  25  as  a  result  of  breeding  ex|K.*riments  carried  on  the  following  spring. 
.An  almost  complete  life  history  of  the  Barrow  ground  .squirrel  has  been  ob¬ 
tained,  and  work  schedided  for  the  .summer  td  l'b5.^  will  provide  the  addi¬ 
tional  material  neces.sarv  to  bring  the  study  to  completion. 

M  icxnons 

The  sandy  riverhank  dunes  selected  for  observation  were  restricted  by 
the  Meade  River  to  the  north,  the  tint  tundra  to  the  south,  and  hv  a  tlatteniurr 
and  narrowing  of  ti;e  dunes  ea.st  and  west  Sv)  they  were  separated  from  the 
other  near-by  dunes  similarly  suited  for  habitation  by  ground  .s(|uirrels. 
Withii'i  this  area,  .approximately  a  mile  in  length  and  :i  half  mile  in  width. 
21  trapping  .st.ations  were  set  up,  each  being  marked  by  a  red  fl.ag  on  a  .Tfoot 
numbered  stake.  Trapping  operations  continued  fnmi  May  lludugh  Septem¬ 
ber,  although  no  previously  untr.apped  squirrels  were  caught  after  .August. 
Icach  animtil  w.as  weighed  and  measured  when  caiitured  and  pertinent  ;n- 

"  Coutrihulioii  No.  19.S.V9  from  llic  Arctic  Ke.^c.ircli  I..ihor:itory.  prcscuial  iu  jiariial 
fulfilhnctU  of  Contract  Nonr-.(77(()0)  willi  tlic  (^fiicc  of  Naval  Kcscarch. 
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f'-rnuition  as  to  ^oniial  coiulitiuii,  jircsciu-c  of  I'arasilos,  etc.,  was  carefully 
r.ote^i.  'I'lic  a::i:’.'.a!  was  tlicn  toc-clipped  and  released.  An  attempt  was  made 
to  reduce  disturliance  of  tlie  ci'lonv  to  a  minimum,  and  there  was  no  indica¬ 
tion  th.at  the  animals  became  (rap-shy,  for  the  same  individuals  were  captured 
again  and  again,  one  being  taken  15  times  in  4  days. 

In  addition  to  the  data  obtained  througli  the  capture  and  recapture  of 
marked  anima's,  the  investigators*  visual  observations  on  habitats  and 
beliavior  were  recorded,  food  plants  eollectetl  and  identified,  burrows  exca- 
vateil  an  !  inaj'/ped,  nests  studied,  and  wiilc  use  was  made  of  reeording  in¬ 
struments  to  obtain  measurements  of  temperature,  barometric  pressure, 
bumidity,  and  ligbt  intensity.  Manual  recordings  were  made  of  wind  direc¬ 
tion.-'  and  velocities,  and  other  information  of  possilde  >ignificance  in  tl’.e 
tot.il  life  history  of  the  arctic  ground  Sfiuirrel  was  uliiaiued. 

DlSTKIHfTlON  AM)  HABITAT 

‘ri'.e  race  Citt'lhi.s'  p,in-yi  iHirnKit  nsis  rcpresent>  the  most  northerly  ex- 
t(  nsion  of  tlie  genus  Citrlius  in  continental  Xorth  .America,  and  its  adapta¬ 
tion  to  tlie  rigors  of  the  .nctic  environment  is  of  particular  interest. 

(  hie  of  the  first  problems  of  adaptation  for  a  tossorial  animal  is  tliat  of 
finding  a  suitalile  luihitat  in  the  frozen  tundra  region.  'Die  ground  oi  tlie 
arctic  slope  is  pernnmently  frozen  to  a  depth  oi  nirmy  Inmdred  feet,  and  only 
liuring  the  brief  summer  does  it  thaw  su))ert’ici:i!ly  to  a  depth  of  a  few  incbc> 
;o  .a  few  feet.  To  ;i  genus  such  as  Citi'ilus.  which  in  ( ’.•difoinia  may  burrow  to 
(h'pths  of  5  feet  or  more,  this  high  permafrost  table  greatly  restricts  tlie 
area  of  po.ssible  burrow  sites.  .Also,  though  areas  of  suitable  habitat  for 
fossori.al  animals  are  tpiite  widely  distiibuled  over  the  arctic  .-lope,  thev 
;iri'  not  continuous.  ap|)caring  as  .somewluit  isolated  '‘islancl^."  e.ach  being 
lelatively  small  in  size,  'riiese  islands  arc  areas  of  good  drain.age  .-111(1  ;i  rela- 
ti\-elv  low  perimifrosi  ialile,  such  as  ri\er  s:uulhanks,  lake  banks,  tundra 
riilges.  hillocks.  ;iiid  other  raised  areas  witii  ti  sandy  or  partiallv  sandv  -oil 
The  burrows  of  tlie  ground  scpiirrels  are  located  near  the  top  of  these  drained 
.ireas  ;  thus  the  aiiini;ils  tivoid  the  possibility  of  flooding  during  ibe  s|i(ii(g 
t'law.  .Although  tb.ese  isolated  islands  siiit;ihle  for  habitat  are  found  alnio.-t 
to  the  .Arctic  Ocean,  the  llat,  wet,  coastal  plain  must  he  regtirded  as  a  some- 
V. lial  marginal  habitat  for  Citi-tus  f'urryi  luirro^irnsis.  Its  presence  in  a 
loc;ilitv  c;ui  be  t.;ken  as  iiidici'ive  of  an  :irea  of  relatively  low  pcrmafia'ist 
table  on  the  tirclic  slope. 


Acrtvt  1  V 

The  first  .s<|uirve!  to  be  observed  above  ground  was  seen  on  .M;iv  S,  the 
d;iv  :>fter  tlie  first  iii\estig;itor  arrived  ;it  the  Meade  River  stiid\-  site.  .Al¬ 
though  this  was  '  .,ibly  not  tlte  very  lirst  ;ippear;mce  of  ;ni  aiiiimil  tor  the 
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year,  it  was  doubtless  one  of  the  earliest  appearances,  for  at  this  time  the 
ground  was  still  covered  with  snow  which  varied  in  thickness  from  several 
inches  to  several  feet,  acordiug  to  the  underlying  ground  contours  and  snow 
drift.  The  ground  squirrels  can  tunnel  from  underground  burrows  through 
the  snow,  bringing  up  little  of  the  frozen  soil.  Their  first  appearances  above 
ground,  however,  are  restricted  to  the  immediate  vicinity  of  the  burrow,  as 
was  evidenced  by  tracks  noted  on  the  eighth.  These  indicated  that  the  animal 
never  went  more  than  4  feet  from  the  Inirrow  entrance  on  its  first  foray  out- 
-side  the  tunnel.  .-Xt  tlic  time  of  emergence  the  squirrels  are  quite  sensitive 
to  climatic  changes,  and  a  bad  day  of  cold,  snow,  or  wind  will  cause  them  to 
remain  beneatli  the  surface.  Tunnels  uncovercrd  under  the  snow  indicate 
that  the  animals  are  sometimes  active  beneath  the  snow  cover.  As  the  sea¬ 
son  progresses  tlie  animals  are  more  frequently  seen  above  the  snow,  and 
they  wander  farther  and  farther  from  the  home  burrow.  By  the  thirteenth  of 
May  one  individual  was  obsersed  to  travel  165  yards  from  the  point  of  its 
emergence.  Little  active  foraging  can  be  observed  at  this  time,  altliough  the 
squirrels  have  been  seen  to  scratch  at  the  snow  and  even  to  take  a  mouthful 
cf  it,  as  if  to  secure  water.  Stocks  of  seeds  and  other  vegetable  materials 
were  noted  to  remain  in  the  liibeniation  nest  from  the  previous  year,  and 
the  animals  probably  survive  through  the  hr.st  days  of  emergence  on  these 
stviicd  stock «. 

At  this  time  of  year  the  contrast  of  a  dark  figure  moving  against  the 
.snowy  background  attracts  the  attention  of  the  ground  squirrels  and  makes 
them  harder  to  approach  and  to  observe  than  at  any  other  time.  I’ntil  aliout 
the  twenty-second  of  May  ilic  si|iiirrcl.s  maintain  a  complete  silence  when 
active  in  the  field,  the  only  sound  heard  by  an  investigator  before  this  date 
came  from  a  captive  animal.  By  this  time,  however,  they  are  seen  to  cha.se 
each  other  and  to  run  from  one  burrow  to  another.  They  become  more  vocal 
during  these  activities,  lighting  was  noted  May  23,  the  vanquished  animal 
leaving  botli  blood  and  fur  at  the  .scene  of  the  encounter.  That  fighting  is 
common  is  attested  to  by  the  .skins  of  captive  animals  which  are  freouentlv 
noted  to  be  perforated  with  holes,  sometimes  as  many  as  a  dozen. 

Although  final  analysis  of  the  environmental  data  obtained  during  the 
summer  of  1952  has  lUg  yet  been  completed,  several  general  statements  inav 
be  made  concerning  the  gr  nind  .sipiiriels’  res|)o:isc  to  environinental  changes. 
Once  the  winter  snow  has  begun  to  melt,  the  inclement  arctic  weatlier  appears 
to  limit  the  activity  of  the  squirrels  very  little,  and  animals  were  observed 
above  the  surface  on  da^s  when  the  teinjicrature  was  as  low  as  22°  1'.  Onlv 
unusually  severe  (lowni)our.s  of  rain  restricted  the  .sipiirrels  to  their  burrow.s. 
They  were  frequently  ol  served  foraging  during  rains  and  were  often  caji- 
tured  with  their  pelage  soaked  by  rain  and  drip  from  the  vegetation.  Other 
unfavorable  weather  condition.s  such  as  .severe  winds  also  failed  to  keep  them 
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in  their  burrows.  The  squirrels  seem  to  be  impelled  by  the  necessity  of 
making  the  most  of  every  day  of  their  brief  summer  season,  and,  as  noted, 
only  extremely  unfavorable  weather  keeps  them  from  their  normal  activities 
above  ground. 

Light  intensity  is  believed  to  exert  considerable  cfTcct  upon  the  activity 
of  the  ground  squirrels.  Despite  the  fact  that  from  the  second  week  of  May 
to  the  first  week  of  August  the  sun  is  above  the  horizon  24  hours  a  day,  the 
intensity  of  its  light  diminishes  during  what  would  normally  be  the  night 
hours  at  lower  latitudes.  The  ground  squirrels’  response  to  this  varying 
intensity  is  seen  in  their  diurnal  rhythmicity,  their  longest  activity  period 
noted  beginning  at  0410  and  ceasing  at  2130.  During  the  spring  and  frdl  the 
animals  appear  above  ground  somewhat  later  than  this  and  retire  beneath 
the  surface  earlier,  the  ma.ximum  time  above  ground  being  spent  in  July  and 
August. 

The  adult  squirrels  begin  to  enter  bibemation  early  in  September,  and 
none  was  trapped  after  the  middle  of  September.  The  month  prior  to  enter¬ 
ing  hibernation  is  spent  chiefly  in  enlarging  burrows,  gathering  grasses, 
lichens,  and  other  available  materials  for  making  nests,  and  storing  as  much 
food  as  possible  in  the  nest.  By  August  22  one  had  stored  1,967  grams  of 
food. 

Owing  to  the  permafro.st  the  ground  squirrels’  burrow  systems  arc  shal¬ 
low’  as  compared  with  those  made  by  Citcllus  hccchcyi  in  California.  On 
high,  level  ground  the  burrow  systems  do  not  exceed  a  depth  of  3  feet  below 
the  surface  and  are  usually  less  than  this.  The  deepest  burrow  system  ob¬ 
served  reached  a  depth  of  S  feet ;  however,  it  was  located  on  the  top  of  a  lake¬ 
side  bank,  where  thawing  was  possible  not  only  from  the  top  but  from  the 
sides  as  well.  Tlic  entire  sy.stcm  was  near  the  edge  of  the  bank  and  did  not 
extend  beyond  the  lateral  thaw’  line.  Other  burrows  were  observed  which 
extended  downward  to  permafrost  with  their  nesting  chambers  located  only 
a  few'  inclics  above  the  permafro.st  tr.bic.  Many  of  tlie  burrow  systems  are 
extensive,  reaching  tunnel  lengths  of  68  feet  and  being  excavated  on  several 
levels.  These  colonial  burrows  arc  used  year  after  year  and  upon  desiruction 
of  part  of  a  .system,  the  s(iuirrcls  extend  the  remaining  part  or  parts.  Other 
burrows  of  a  simpler  pattern  arc  scattered  throughout  the  habitat.  These 
serve  as  temporary  jirotccted  nesting  places.  When  destroyed  they  arc  not 
rebuilt. 

The  temperature  within  the  burrows  remains  far  more  constant  than  that 
of  the  surrounding  environment.  Records  taken  in  the  summer  of  1952 
.showed  that  the  burrow  temperature  began  increasing  slow!}'  in  the  spring 
until  it  reached  a  maximum  of  -1?°  F.,  on  August  12,  then  slowly  dccrca.scd. 
From  May  28  to  October  3  the  variation  in  burrow  temperature  was  only 
22°  F.,  while  the  riutside  variation  during  the  same  period  was  tiO'''  h". 
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GROWTH  AND  DEVELOPMENT  OF  THE  YOUNG 

In  the  field  the  first  jwsitive  mating  was  observed  on  May  24.  Labora¬ 
tory  observation  at  the  University,  during  which  one  male  sired  a  litter 
from  each  of  tour  fcmale.s,  indicated  ttiat  the  males  were  polygamous.  In 
the  field  mating  occurred  only  during  the  month  of  May.  the  breeding  sea¬ 
son  being  less  than  three  weeks  in  duration.  This  is  an  important  limitation, 
for  the  young  must  be  produced  early  enough  to  enable  them  to  reacii  the 
stage  of  development  necessary  for  entering  hibernation  in  October  and  sur¬ 
viving  during  the  long  winter.  Under  these  conditions  more  than  one  litter  a 
year  would  be  an  impossibility.  In  June,  after  gestation  of  approximately  25 
days,  litters  of  from  5  to  10  were  horn.  Any  young  which  could  not  be  taken 
care  of  because  of  either  insufficient  mammary  develojiment  or  for  other 
reasons  were  soon  eaten  by  the  mother.  The  largest  litter  raised  to  maturity 
was  nine,  one  additional  newborn  having  been  eaten. 

The  young  are  horn  naked  and  blind,  their  eyes  ojK-ning  approximately 
20  davs  after  birth.  The  integument  darkens  with  ]Mgment  at  about  the 
fourth  day,  beginning  in  the  head  region  and  extending  over  the  entire  dor¬ 
sum  by  about  the  sixth  day.  Hair  ap|)ears  at  approximately  the  eighth  day, 
and  its  growth  is  rapid,  the  spotted  dorsum  typical  of  the  adult  becoming 
niiparent  within  the  second  week. 

The  brooding  female  ground  squirrel  will  care  for  her  own  \’oung  only, 
so  an  observer  may  he  sure  that  any  young  caught  at  a  burrow  site  before 
the  young  begin  to  leave  their  home  areas  belong  to  that  litter.  .X  demonstra¬ 
tion  of  this  fact  occurred  when  a  young  squirrel  frmn  one  litter  was  intro¬ 
duced  into  another  litter  of  animals  of  alnuist  the  same  size,  weight,  and  age, 
and  was  found  dead  and  p.artially  eaten  the  U>llowing  morning.  It  had  been 
singled  out  by  the  ^eniale  as  an  intruder. 

The  young  squirrels  grow  so  rapidly  that  in  less  than  two  months  thev 
have  approximated  adult  weight.  For  cxanqilc.  one  laboratorv  litter  of 
averaged  lO.S  grams  at  birth.  141.2  grams  tm  the  twintv-fonrth  dav, 

OT1  thivtv-ci>diili  fl.av  and  78.s  rrams  Iiv  the  liftv-tliird  dav  Itv 
September,  just  jirior  to  entering  hiberiKition,  the  .s(|nirrels  mav  have  attained 
a  weight  of  1,187  grams. 

'I'lie  voting  do  not  emerge  from  the  natal  burrow  until  Jtily.  about  one 
month  after  birth,  at  which  titne  they  begin  to  forage  on  jilants  near  the 
burrow  entrance.  'I'liey  stay  very  close  to  the  home  burrow  during  their  first 
week  above  ground,  but  within  another  week  they  are  found  at  increasin'’' 
distances  from  the  burrow,  and  by  August  they  are  found  as  far  as  two  miles 
away. 

After  about  12  days  above  ground  the  young  .Mpiirrels  abandon  their 
natal  burrow,  either  taking  .shelter  in  an  abandoned  burrow  uearbv  or 
digging  a  new  one  of  their  own.  As  the  young  of  the  year  increa.se  the  popu- 
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!ation  of  an  area  approxiiiiately  three  to  five  times,  it  is  obvious  that  the 
limited  number  of  burrow  sites  and  availability  of  foorl  must  force  some  of 
tbe  scjuirrels  to  move  to  new  areas  or  to  utilize  poorer  sites  and  less  food. 
These  latter  alternatives  may  be  major  factors  in  limiting  population  size, 
for  the  ground  squirrel  shows  no  cyclical  build-up  in  numbers  as  does  the 
lemming,  and  predation  is  negligible.  In  July  1-^52.  for  example,  tb.e  exca¬ 
vation  of  two  young  squirrels’  shallow  burrow  in  the  low,  wet  tundra  area 
roughly  100  yards  from  their  natal  burrow  revealed  a  nest  of  paper,  moss, 
and  lichens.  Doubtless  the  animals  could  not  have  survived  the  rigors  of 
the  arctic  winter  had  they  hibernated  in  such  a  nest.  Other  young  who  at¬ 
tempt  to  winter  in  burrows  of  inadequate  depth  or  ones  which  lack  drainage 
or  good  location,  together  witti  young  wb.o  have  failed  to  stoi  c  sufficient  food 
to  provide  for  the  period  of  eniergence  in  the  spring,  unquestionably  face  a 
similar  fate  and  do  not  survive  to  form  part  of  the  breeding  pojrulation  tbe 
following  spring. 

In  the  field  the  yenmg  of  the  year  were  observed  to  remain  active  for  a 
period  of  .several  weeks  after  tbe  last  adults  had  ceased  to  be  trapped.  This 
prolongation  of  their  time  above  ground  is  imderstaudahle  in  view  of  their 
necessity  to  prepare  burrows,  store  food,  and  to  gain  .sufficient  weight  to 
enter  hibernation.  'I'lie  entire  repniductive  and  dcveloDinental  cycle  of  tbe 
ground  sciitirrel  seems  to  be  attuned  to  this  end — the  mating  soon  after  spring 
emergence,  the  short  gestation  period,  the  rapid  growth,  and  early  assumpti<.»n 
oi  indeixtndeuce  by  the  young. 

I'y  October  all  surface  activity  has  virtually  ceased.  The  last  squirrel 
was  thought  to  have  been  seen  above  ground  on  Clctober  2.  However,  before 
tbe  last  observer  left  the  area  on  Octob.er  (>.  two  additional  animals  had  been 
ii'ited.  In  the  literature  (Howell.  I'H.Si  there  is  some  indication  that  the 
squirrels  may  |KTiodieally  euine  to  the  surface  during  tbe  time  tliev  arc  sup- 
l'0.>ed  to  be  in  liibernation.  and  they  have  been  recorded  above  groinul  on 
rare  instances  even  in  December, 

la  HO) 

A  eoinplele  li.-t  of  tbe  lond  pl.ints  eaten  by  tlie  tiietic  ground  squirrel 
ui'iild  include  nearly  all  tbe  pl;uits  of  the  arctic  slope.  The  .sciuirrels  eat  not 
unly  leaves,  but  seeds.  Ilowers,  stems,  and  roots  of  various  plants.  DoKf/Iossiii 
louts,  rdiyf/niiuiii  seeds,  .1  rdostaphylos  leaves,  and  O.vyfrof'is  flowers  are 
indicative  of  tbe  v.aiiety  of  jdant  foods  utilized  by  the  sipiiiTcls.  In  ndditior. 
to  their  normal  berbivorons  rliet.  the  squirrels  will  readily  cat  any  ine.at 
lliev  find,  eoiisiiming  even  tbe  disc.uded  earcasses  ol  otluT  ginuiid  scinirrels 
and  lemmings  wliieli  bad  bceti  prepared  as  stmly  skins.  One  bold  individual 
.'Ue  the  fat  from  the  nose  and  ears  of  a  caribou  biile  stretebed  out  to  dry,  and 
sever.al  study  skins  wiae  d;:mag«'d  in  qne->t.s  for  ser.aps  of  meat,  (.'amp  fooil 
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similarly  proved  attractive  to  these  oinMivorous  creatures,  and  they  would 
enter  the  investigators’  tent  to  steal  bread,  prunes,  beans,  and  any  other  items 
tliey  happened  across. 


CONCLUSIONS 

Life  is  possible  for  the  Barrow  ground  squirrel  on  the  arctic  slope  only 
because  it  utilizes  the  small,  isolated  habitats  on  the  tundra  which  allow 
the  pursuit  of  fossorial  habits.  Within  these  habitats  the  animals  dig  rela¬ 
tively  shallow  burrows  and  build  large  nests  which  give  a  maximum  amount 
of  insulation  from  the  frozen  earth.  Early  resumption  of  activ'ty  in  the 
spring,  even  before  the  snow  has  begun  to  disappear,  allows  early  mating. 
The  short  gestation  period,  coupled  with  rapid  growth  of  the  young,  penuits 
the  newborn  animals  to  prepare  for  the  uinter  in  a  span  oi  less  than  four 
months.  The  animals  avoid  tlie  rigors  of  winter  by  entering  hibernation  no 
later  than  October,  having  utilized  the  summer  months  without  taking  ad¬ 
vantage  of  the  full  24  hours  of  daylight  available  for  activity  during  most  of 
the  summer  season.  An  almost  omnivorous  diet  allows  them  to  take  full 
advantage  of  the  plants  and  available  animal  food,  and  storage  of  food  makes 
it  possible  for  them  to  assume  early  spring  activity.  The  Barrow  ground 
squirrel  has  utilized  all  of  these  meclianisms  to  invade  and  successfully  re 
main  on  the  arctic  slope. 


NOMENCLATORIAL  NOTE 

This  brief  mention  of  the  taxonomic  status  of  Citcllus  parryi  is  included 
to  clarify  some  of  the  difficulties  which  have  arisen  concerning  tlie  variety 
of  names  applied  to  this  form.  This  confusion  of  names  has  led  to  uncertainty 
in  the  minds  of  certain  workers  (Wilber  and  Musacclua,  1950)  as  to  it.s  cor¬ 
rect  nonienclatorial  statins. 

J.  A.  Allen,  in  writing  of  the  arctic  ground  squirrel  (IS77),  stated  that 
the  species  was  first  noted  by  Forster  in  1772.  In  the  original  description 
the  trivial  name  parryii  was  applied  hy  Richard.'iOii  (1825)  in  honor  of  the 
English  aictic  explorer,  Captain  W.  E.  I’arry  (rather  titan  the  well-known 
American  explorer.  Admiral  R.  E.  IVary,  as  is  commonly  hclieved).  B.  R. 
Ross  (1861)  employed  the  name  Arctomys  Kcnnicottii.  Preble  (PX)8)  des¬ 
ignated  the  race  as  Citcllus  parryi  kcnnicotti,  treating  the  Spcrmophilus 
barroxvensis  of  Merriam  (1900)  as  a  synonym.  This  racial  designation  was 
followed  by  Anderson  (1924),  Hall  (192^)),  and  Dufresne  (1946),  although 
Howell  (1938),  considering  a  larger  series  of  animals  than  that  available  to 
Preble,  revived  Merriam’s  name  and  designated  the  race  Citcllus  parrxii 
barroxvensis.  In  so  revising  the  group  Howell  disposed  of  the  name  henni- 
cottii  in  synonomy.  A  recent  decision  dropjring  the  final  i  in  male  patronymics 
leaves  the  racial  name  Citcllus  parryi  barroxvensis.  Recently,  however.  Quay 
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(1951)  indicated  tliat  Of^nov  found  tliat  tlu*  formerly  overlooked  name 
Citi'llus  uiidulatu.;  I’allas  )  1778)  should  be  considered  the  correct  sjjccics 
(jiithet  for  the  yroiip.  l*reviously.  llershkovitz  (1949)  proj)oscd  a  revival 
of  the  genus  Sfu-niuif'liilus  of  ('iivicr  to  lejilace  Citcllus.  However,  until 
a  coniiietent  revision  of  the  group  includes  the.-e  l.itter  two  names,  it  is  the 
intent  of  this  autluir  to  continue  to  use  the  currently  einiiloyed  Citcllus  parr\i 
harroicciisis. 
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